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For Diesel Engines 
of up to 500 b.h.p. 
per cylinder 


C.A.V. fuel injection equipment for compression 
ignition engines is made in a range of sizes 
suitable for engines from the smallest portable 
up to large units for power station and marine 
duty. As the largest manufacturers of this type 
of equipment in the world, C.A.V. offer 
unrivalled experience and technical facilities to 
all diesel engine builders in the achievement of 
highest efficiency. The research and development 
laboratories are excellently equipped and are 
amongst the best in the country. World-wide 
service for C.A.V. equipment is provided in over 
100 countries by depots and agents (including 
over 120 in Great Britain) where technical 
assistance and maintenance equipment are 
always available. 
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THE COMPLETE 
DESIGN 


HEN a new engineering design makes its 

first appearance it is critically appraised 
from at least half-a-dozen angles. It would 
need to be a paragon of design to come 
through the test without losing a few marks. 
The customer may well be the final arbiter, 
but the research, production, accounts, sales 
and service departments will judge the design 
by their own standards, while the manag- 
ing director may first recognise these sec- 
tional interests and then try to give them 
their due weight in making an overall 
assessment. And at the end of this process 
the designers, if they are honest with them- 
selves, will know just how much of the failure 
to reach perfection they can attribute to 
their own lack of foresight or skill and how 
much to a lack of essential information when 
they started work on the design. Quite 
often the original specification is drawn up by 
someone who has that little knowledge of 
design which is dangerous. By using that 
knowledge he runs the risk of constricting 
the design from the very beginning, and if no 
one challenges his conception it is likely that 
the final design will disappoint. 

It is easy to be critical when the work is 
finished; but it is essential to be critical, for 
engineering is above all a field of human 
activity where we learn from each other’s 
mistakes as much as from our own. (Was 
it not that frankness in recording mistakes 
as well as successes that raised Mr. W. H. 
Purdie’s Thomas Lowe Gray Lecture in 1951 
to a plane well above the average run of 
institution lectures?) The research and 
development engineers look to the final 
design for a practical embodiment of their 
laboratory ideas; the production men, like 
the designers, find it hard to see the faults in 
their own child; the accountants take rather 
a mercenary view; the sales engineers make 
odious comparisons with a competitor’s 
product ; and the service men just wait for 
trouble to turn up. The managing director 
is already thinking about the next design. 

In thinking about it he is concerned not so 
much with the mechanics of it (that will 
come later) as with the best way to foster 
close co-ordination between the various 
departments as the design evolves. It must 
grow, like a living plant, under a combination 
of influences. If it is not to be stunted or 
marred in any way, and if the mistakes 
of the last design are not to be repeated, 
those influences must be carefully balanced. 
That is not easy. It demands an ability to 
see several moves ahead. Ideally, everyone 
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concerned must possess some ability in that 
direction, so that they can work together in 
parallel rather than in series. Sir Walter 
Puckey made that point a few weeks ago when 
he addressed the Scottish Design Congress 
at Edinburgh. ‘‘ What is good design?” 
was the title of his address, and his short 
answer was that it is the “‘ complete design,” 
embodying many considerations and the work 
and thought of many departments. More 
explicitly, it depends, he said, on five 
principal factors: technical excellence, attrac- 
tive appearance, mechanical nicety, suitable 
production cost, and availability at the 
proper time. 

Technical excellence springs from the basic 
specification, which must give a large mea- 
sure of discretion and opportunity to the 
designers and producers. The original 
specification for a well-known washing ma- 
chine contained three clauses: “ (1) wash 
clothes better than any competitive machine; 
(2) fit under the average kitchen draining 
board when not in use; (3) sell (retail) at 
not more than £x (excluding tax).” ‘“* At- 
tractive appearance” is often the easiest on 
which to pass a personal opinion, but the 
hardest, perhaps, to arrange for while the 
design is being worked out. Sir Walter 
recognises two groups of designers: engineer- 
designers and style-designers. ‘‘ One diffi- 
culty,” he says, “is that while the layman 
will usually bow to mechanical complexity 
because he can’t understand it, he can be 
violent in his aesthetic views, a condition which 
does not favour delegation of style to a third 
party,” i.e., a style-designer. But surely if 
the style-designer has a place in industry 
it is not because he is a rebel artist or the 
leader of a new school, but because he, 
better than the engineer-designer, has a 
shrewd conception of what the customer 
regards as attractive in appearance. 

*“* Mechanical nicety and suitable produc- 
tion cost ” — it is not practicable to summarise 
adequately Sir Walter’s analysis, but it is 
worth repeating the importance he attaches 
Availability at the proper 
time must be regarded in relation to com- 
petition, political and economic trends, and 
technological trends. “Of all the prob- 
lems besetting us in achieving the Complete 
Design, time is one of the most important.” 
That, perhaps, is the clue to good design: 
that all the calculations, all the estimates, 
all the theories, all the discussions, all the 
thought and all the work, form a pattern in 
time. Time is the factor which is common to 
all those who contribute to the design and its 
production, and if they are directed with 
wisdom the complete pattern of their work 
will throw up the complete design. Perfec- 
tion of design is perfection of service. 
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Weekly Survey 


THE PRODUCTION OF 
ALUMINIUM 

The rapid developments which have taken place 
in the use of aluminium in the last few decades 
have resulted in the installation of a large amount 
of new plant for producing the metal in various 
forms. In keeping with the modern tendency in 
industry, much of the new equipment has been 
designed for the production of a single product, 
or for a small range of allied products. We 
recently described works at Swansea which are 
devoted to the manufacture of aluminium and 
aluminium-alloy rod and wire; these works 
exemplify the present trend. The latest develop- 
ment is the completion of the Falkirk works of 
the British Aluminium Company, Limited, 
which produce flat-rolled material, and are 
described elsewhere in this issue. The Falkirk 
works, which are the largest and most modern 
of the plants operated by the British Aluminium 
Company, originated as a war-time factory for 
the production of aircraft material. It is per- 
haps appropriate that this should be so, for the 
aircraft industry has been the greatest single 
factor in developing the large-scale use of alumi- 
nium. Aircraft material still constitutes an 
important part of the output of the Falkirk 
works, but many other industries are served, 
and this fact was prominent when the British 
Aluminium Company took over the works, 
which they had built and operated for the Minis- 
try of Aircraft Production during the war years, 
and formulated plans for expansion. 

Great though the developments in the use of 
aluminium have been, there are some spheres in 
which the material can be said to be still in its 
infancy, and this was one of several factors which 
had to be considered in planning the expansion 
of the Falkirk works. In the first place there 
were the needs of what might now be called the 
“traditional” users—the aircraft, holloware 
and vehicle-building trades, for example. The 
demands of these users are possible to forecast to 
some extent, but allowance had to be made for 
the introduction of new material specifications, 
and other changes which may occur. Secondly, 
there were the developing uses of the material. 
Some of these, such as the use of aluminium in 
ship superstructures, are comparatively new, but 
experience has shown that further developments 
can be expected in the near future. Finally, 
there are many possible uses for aluminium and 
its alloys which are not perhaps obvious at 
present but which time will disclose. The 
planning of the extensions at Falkirk, there- 
fore, to reconcile the two different requirements 
of large-scale production of materials in current 
demand, and flexibility to meet possible future 
demands. New production units have been 
installed to operate in parallel with those already 
existing in the war-time section of the factory, 
and provision has been made for alteration and 
extension as required. The result is a modern 
factory, with a large range of flat-rolled products 
in many different sizes and material specifica- 
tions, which can be extended and modified with 
a minimum of difficulty. 
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TRADE WITH CHINA 


A determined effort is being made by the 
Federation of British Industries, in concert with 
the London Chamber of Commerce and the 
China Association, to wrest the initiative from 
Communist-sponsored organisations in culti- 
vating trade with China. In March a letter was 
sent to the Minister of Foreign Trade in Peking, 


Mr. Yeh Chi-Chuang, and the Counsellor of 
Peking’s delegation at Geneva, Mr. Lei Jen-Min, 
announced in mid-April his Government’s 
readiness to discuss foreign trade. Mr. P. 
Tennant, overseas director of the F.B.I., went to 
Geneva and had a preliminary discussion with 
the Chinese trade representatives. At a Press 
conference held last week, Mr. Tennant an- 
nounced that the Chinese had been given a 
list of goods not subject to export embargo by 
the United Nations authorities, and that the 
arrival in this country of a Chinese trade mission 
was expected within the next few weeks. A 
British trade delegation is likely to visit Peking 
before long. The three British organisations 
concerned, together with the Association of 
British Chambers of Commerce and the National 
Union of Manufacturers, are making joint 
arrangements to facilitate visits by interested 
parties in either direction which may follow from 
these talks. 

Sir Norman Kipping, director of the F.B.I., 
emphasised that the discussions would only 
cover those goods not under export embargo. 
He pointed out that this was the first time an 
attempt had been made since the end of the 
Korean war to talk in terms of permitted exports. 
As was generally expected the Chinese expressed 
the keenest interest in heavy engineering pro- 
ducts, all of which are on the embargo list. 
Permitted capital goods include all types of 
textile machinery, printing machinery, certain 
types of instruments, a wide range of processing 
machinery and prefabricated buildings. The 
Chinese representatives said they were unlikely 
to buy textile machines, pointing out that they 
could meet their own needs with very few 
exceptions. Whether this is from Chinese 
factories or from the Soviet Union and Eastern 
Europe is not clear. Japan’s position as a 
supplier of engineering products is also ambigu- 
ous; their embargo list is believed to be much 
longer than the British. 

The initiative taken by the F.B.I., the London 
Chamber of Commerce and the China Associa- 
tion will doubtless be welcomed by the British 
engineering industry, as it will lead to the estab- 
lishment of trade channels. At the same time 
it would be wrong to expect a large volume of 
engineering exports to follow from the talks. 
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TRANSPORT IN EUROPE 


A report on round-table talks on European 
Inland Transport held by the International 
Chamber of Commerce has been published 
recently. Nine men of international standing 
were invited by the President of the I.C.C. to 
“re-think European transport with a 1954 
outlook.” The report deals with broad issues 
but its generalities will appeal more to a Con- 
tinental readership than to a British one. 

The report declares that transport is a service 
which should progress on its merits. The 
difficulty is that there are several means of 
transport which should be allowed to develop 
as competitive and complementary services. 
For this normal development to take place, 
competition should be sound and each means of 
transport should operate without undue burdens, 
restrictions or privileges. The report refrains 
from criticising one means of transport compared 
with the others, saying that each has its advan- 
tages and importance but “ that they should be 
operated entirely apart from any consideration 
not based on the idea of profitability to the 
exclusion of outside interventions which would 
burden them or favour them.” The discussions 
of the group covered rail, inland navigation, 
road and private transport, but did not include 
air or sea transport. 
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Discussing railway transport, the repx rt 
considers that no form of transport sho. d 
“remain bound by past investments.” It is 
quite clear that the group does not like the ica 
of the railways having their budgets confused »y 
obligations and charges placed upon them oy 
the State. An essential object in developing riil 
transport should be to become progressivi ly 
closer to a rate structure based on real cosis, 
On road transport, the report puts in a plea for 
a more international approach to taxation and 
financing and it makes the point on private 
transport that users are less concerned with cost 
than with being satisfied that goods will be 
transported under suitable conditions and will 
arrive undamaged and to time. 

The group has been groping its way towards 
the conception of a European transport system -— 
a very laudable exercise — but the report would 
have made a greater impression (the discussions, 
of course, may have been much more forth- 
right than the report) if it could have pro- 
gressed further beyond a general discussion 
of the problem of co-ordinating transport, which 
is generally understood, and if it could have made 
more concrete proposals as to how the problem 
is to be solved. 
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THE TREND OF EXPORTS 


In the anxiety to measure up this country’s 
month-by-month export performance against its 
chronic balance of payments problem, one is apt 
to overlook the longer term trend. For the 
same reasons one is also apt to lose perspective 
on foreign competition. An article by Professor 
Cairncross of Glasgow University in the current 
issue of the London and Cambridge Economic 
Bulletin (published in the Times Review of 
Industry, serves the useful purpose of putting 
the volume of British exports and the problem of 
competition in some sort of perspective. 

Professor Cairncross points out that the unique 
feature of the experience in the export market 
for this country in the last five years or so has 
been the failure of exports to respond to the 
pressure of world demand in 1950-51 rather 
than the stagnation of British exports in the 
ensuing period. In those years both German 
and United States exports were buoyant, par- 
ticularly those from Germany. Nevertheless, 
German exports—and it is German exports 
which have received most publicity among 
Britain’s foreign competitors since the war- 
were expanding more rapidly before 1952 than 
since, and in the last year or two German exports 
have been increasing slowly in comparison 
with the phenomenal increase of four or five 
years ago. The only area to which Britain, 
the United States and Germany export on a 
similar scale is Western Europe, and it is in this 
market, therefore, that changes in their com- 
petitive strength can best be gauged. European 
markets are of great importance to Germany, as 
Professor Cairncross points out, and the recovery 
of German exports has been greatly assisted by 
the elasticity of those markets between 1948 and 
1951 when European trade was growing twice as 
fast as world trade. 

Experience in engineering exports is particu- 
larly important because these now form the 
backbone of the British export trade. They 
account for nearly 40 per cent. of all British 
exports and the proportion is tending to grow. 
In the opinion of Professor Cairncross this is 4 
highly satisfactory development for it is closely 
in accordance with the general trend in world 
trade in manufactures. However, this shift 
towards engineering products has its drawbacks 
and dangers, one of them being the amount of 
German competition which it must evoke. ‘rom 
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1950 until the middle of 1953, British metal and 
enzineering exports were about 6 per cent. 
lower than in 1950, and then began to recover. 
Data by value indicates a large and continuous 
increase in German exports and a slight but 
continuous increase in American exports over 
this period. Professor Cairncross draws atten- 
tion to the dangers of reading too much into 
overall figures. It is true that German engineer- 
ing exports show every sign of a gradual expan- 
sion to a new peak while British exports tend to 
lag, but this British experience was due to some 
extent to the difficulty in selling to Latin America, 
which is a more important market to the United 
States and this country than it is to Germany. 

On the other hand, in the Canadian market 
the United States and Britain have recently done 
exceedingly well. The Canadian market now 
absorbs nearly one-third of American engineering 
exports and this fact helps to account for the 
decline in America’s share of total world trade 
while it maintains its share in trade of manu- 
factures. Although proportionately Britain has 
done even better than the United States in the 
Canadian market in 1953, United States sales 
there are still eight or nine times as large as this 
country’s. Here is a market with very significant 
possibilities for the expansion of British export 
trade. It is in the European market, however, 
that one still finds the most sensitive barometer 
for British, American and German exports. 
The general impression here is that Britain and 
America have kept in step while German exports 
have increased. The British share of the market 
for electrical and transport equipment is defi- 
nitely shrinking. On the other hand, German 
exports of metals to O.E.E.C. countries in 1953 
suffered a setback in which Britain did not share. 
In an interesting discussion on comparative 
labour costs, Professor Cairncross comes to the 
conclusion that although labour costs in Germany 
at present exert less pressure on the price of 
export goods than do labour costs in Britain, 
pressure for higher wages in Germany will in 
due course build up far more strongly than in the 
past and so impose a check on German exports. 

His general conclusion is that this country can 
hope to keep its present share of trade in manu- 
factures while Germany and Japan gain ground 
at the expense of the United States. We might 
also hope to enjoy as favourable terms of trade 
as at present while a gradual expansion in world 
trade gives us the opportunity we need to pay 
for an expanding volume of imports. 
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AMERICAN INSTRUMENTS IN 
GERMANY 


The fabulous growth of one of the younger 
instrument makers in the United States, Beckman 
Instruments Incorporated, illustrates the rapid 
progress made by American industry in the use 
of instrumentation. The choice of Western 
Germany as the location for the company’s 
European factory shows the confidence, based on 
a substantial lead in the electronic field, which 
Americans have in their products. Beckman 
Instruments increased their sales from 3 million 
dols. ir 1949 to 16-5 million dols. in 1953. The 
decision to manufacture in Germany is probably 
the most interesting of a number of steps taken 
by the company during the past few years. The 
compary’s President, Dr. Arnold O. Beckman, 
conside ‘s that his designs of instruments are far 
enough ahead of the Germans to allow him to 
secure «. firm foothold in the West German mar- 
ket. FE: was successful in exporting spectro- 
Photom=ters there in competition with Zeiss, 
Who m rketed their models at lower prices. 
Dr. Beckman believes that his German plant, 
Which s arted production on a small scale last 


February, will solve his export problems which 
consisted mainly of currency difficulties. He 
will now benefit from the much lower level of 
German wages 

The growth of Beckman Instruments is based 
on the production of five main types of instru- 
ments. It began when Dr. Beckman developed 
a pH meter while working at the California 
Institute of Technology in 1934 but failed to 
interest any of the established instrument makers. 
He therefore decided to manufacture it himself. 
In 1940 a spectrophotometer was added to the 
range, at a time when the United States was 
becoming very vitamin-conscious. The instru- 
ment, which makes chemical analysis of a sample, 
was used to measure the vitamin A content in 
various foods and it sold in large numbers. 
Further development of Beckman Instruments 
was mainly through the purchase of companies 
or designs. In 1952 an interest was acquired 
in the Berkely Scientific Corporation. This gave 
Beckman a range of digital and numerical com- 
putors. 

The progress of Beckman Instruments shows 
perhaps more clearly than the progress of any 
other company since the war that development 
and sales go hand in hand. Dr. Beckman says 
that his success is based on the efforts of a 
vigorous and imaginative sales team, whose job 
it is to sense the needs of progressive industrial 
concerns and educate the not so progressive in 
the use of the products developed to meet this 
need. The German venture will provide a useful 
guide to the competitive ability of American 
instruments in Europe, and will also show how 
receptive European industry is likely to be to 
control by instruments, which the development 
of electronics has made possible. 


xk 
TYPESETTING BY PHOTOGRAPHY 


A number of developments in this country and 
in the U.S.A. in typesetting by photography have 
reached a technical and economic stage at which 
it has become apparent that they will gain an 
increasing number of users in the printing trade 
in the foreseeable future. In this country the 
Monotype Corporation Ltd., have been working 
on a method of typesetting by photography in 
which the negative is made by passing a beam 
of light over a master negative, and makes use 
of the existing keyboard of the Monotype 
machine. In other words, it raises no immediate 
problems with the trade unions on the use of 
compositors. 

In the United States the Fotosetter, which is 
made by the Intertype Corporation, operates on 
not dissimilar lines. A compositor can operate 
a Fotosetter without special training. The 
operator taps a key and a thin piece of metal 
called a matrix moves through the machine 
just as in the metal casting model. The matrix 
has a transparent letter inset in it and when it 
reaches the photographic unit a beam of light 
makes a picture of the letter on a film. The 
matrix then returns to where it was before. This 
machine, which has been developed over about 
eight years, is being used by a number of printing 
companies in the United States and two daily 
newspapers are now giving the Fotosetter a trial 
run in setting advertising copy. The Photon, 
which is made by the Graphic Arts Research 
Foundation, Incorporated, is a newer and more 
revolutionary machine. Briefly, it operates by 
means of an electric typewriter and a memory 
unit. This last controls the adjustment of the 
letters to the column width by means of a fast 
light beam which shoots through a letter on a 
whirling disc and so projects the letter on to film. 
This machine is expected to go into operation 
with a daily newspaper in Massachusetts this 
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month. A third machine in the United States, 
and the newest of them all, is the Linofilm, which 
has been developed by the Mergenthaler Linc- 
type Co., and is expected to go into production 
in 1955. In this case, a typewriter keyboard is 
also used; like the Photon this keyboard projects 
letters on to a piece of film, but in this case 
another stage is inserted between the keyboard 
and the film in the form of a tape perforated by 
the operator and used to control the photographic 
unit. It is claimed for this machine that the 
tape can be proof-read before it is filmed. 

Developments of this kind are more likely to 
find ready acceptance in the United States than 
in this country because the offset and photo- 
gravure methods of printing are more widely 
used, especially the former. In this country 
letterpress is the most popular technique. 
Printers, however, who are used to the other two 
methods are more likely to adjust their thinking 
quickly to a photographic process since there are 
elements of this process in the method which 
they already employ. 

The application of a photographic type- 
setting technique on a wide scale depends on 
solutions being found to three problems. These 
are flexibility and speed to meet the production 
problems of daily newspapers, the ability to deal 
with corrections expeditiously, and the possi- 
bility of making use of the existing labour force 
of compositors, which is highly organised. It is 
clear that progress is being made in all three 
directions and while it is true that developments 
and modifications have still to be made to these 
kinds of processes before they are widely accepted, 
the printing trade, especially in this country, is 
under constant pressure to-day to find means of 
increasing the output of its highly skilled and 
highly organised labour force. 


e @ ® 
SCOTTISH TRADE FAIR 


For a number of decades, Scotland has con- 
centrated, very successfully, on shipbuilding 
construction, engineering manufactures, tweeds 
and whisky for its living, but, with the conclusion 
of the recent war, strenuous efforts have been 
made to provide for the country’s increasing 
population by a widening of its economic 
efforts. To this end, substantial progress has 
been made in many fields outside Scotland’s 
traditional industries, as with the construction of 
radio components, electronic equipment, scienti- 
fic instruments, aero engines, cash registers, 
plastics, aluminium products, agricultural mach- 
inery, office appliances, petroleum chemicals, 
clocks, watches and new textile fibres. 

In order to bring these varied enterprises to 
the notice of persons in other parts of Britain 
and overseas, the first Scottish Industries 
Exhibition was organised by the Scottish 
Council (Development and Industry), Glasgow, 
C3, in 1949. This international trade fair was 
attended by more than 30,000 buyers and half-a- 
million other visitors from all parts of the world. 

The Scottish Council is satisfied that it is 
neither possible nor wise for a country with a 
population as small as Scotland’s, some 10 per 
cent. of that of the United Kingdom, to hold a 
large-scale successful exhibition annually, Accord- 
ingly, it has been decided that there shall be a 
five-yearly interval between these efforts, and 
the next Scottish Industries Exhibition is due to 
be held this year. It will take place at the Kelvin 


Hall, Glasgow, from September 2 to 18. 

The emphasis will be on new products, new 
fabrics and modern designs, and, to qualify for 
inclusion in the exhibition, all articles displayed 
must have been produced in Scotland. In all, 
about a hundred industries will be represented, 
some by as many as half-a-dozen different firms. 
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Parsons’ original steam turbo-generator of 1884, now preserved in the Science Museum. 


THE HON. SIR CHARLES A. PARSONS 
A CENTENARY TRIBUTE 


By Engineer-Captain Edgar 


In his Hunterian Oration to the Royal College of 
Surgeons delivered on February 15, 1932, to 
mark the 204th anniversary of the birth of 
John Hunter, the late Professor Wilfred Trotter 
discussed the significance of the commemoration 
of great men, asking “‘ what do we wish and 
what do we attain in the many activities by 
which in general we pursue, or suppose ourselves 
to pursue, in such commemorations.” The 
commemoration of heroes, he said, was one of 
the most widespread of human impulses and 
primitive man by devious ways sought to 
assimilate the heroic virtues of the dead. Even 
the commemoration feasts of to-day have their 
origins in prehistoric times. ‘‘ The conscious 
and ostensible motives,” he added, “ under 
whose influence we approach the commemora- 
tion of great men are, first, to contemplate in 
humble piety and emulation a largeness of mind 
and character that far exceeds our own, and 
secondly, to seek inspiration from struggles 
heroically engaged and perhaps triumphantly 
won.” The subject has engaged other thinkers; 
one wrote “*‘ We commemorate to instruct our- 
selves, to inspire others to act in a way similar 
to that of the men we revere, perhaps most of 
all to impress the fact of the debt of the living to 
the past.” 

The commemoration of notable men and 
events has become a feature of our age, stimu- 
lated no doubt by the spread of education, the 
ease of communication, the increase in the 
number of societies and a greater appreciation 
of the value of history. It is but fitting that a 
technical journal which during more than 
60 years has recorded the progress of the steam 
turbine (and, through the writings of a former 
member of its editorial staff, the late H. M. 
Martin, contributed something to its technical 
development), should recall the centenary of 
Sir Charles Parsons, recognised all over the 
world as the greatest power engineer of his day, 
as Watt was of his. But like Watt, Parsons was 
many things beside an engineer. It is true 
that when in 1911 the Royal Society of Arts 
awarded him the Albert Medal it was for his 
** Researches into the action of steam in engines 
of the turbine type, and for his invention of 
the reaction type of steam turbine and its prac- 
tical application to the generation of electricity 
and other purposes,” but Parsons’s inventions 
covered a wide field and at the unveiling of 
the memorial window to him in Westminster 
Abbey in October, 1950, Sir Frank Smith said 
that to him “ Parsons’s outstanding characteris- 
tics were his insight into the mechanisms of 


C. Smith, 0.B.E., R.N.(RETD.) 


nature, his wonderful engineering knowledge, 
his great experimental ability and his amazing 
courage in face of technical difficulties. He 
never admitted defeat.” 

Quite apart from the record of his achieve- 
ments, the story of Parsons, and of his brother 
Richard Clere Parsons (1851-1923), is of unusual 
interest for they were the first members of any 
ancient, wealthy and noble family to combine a 
severe training in mathematical science with 
practical experience in engineering workshops, 
and to become engineers by profession. Many 
men of high degree, such as Boyle, Cavendish, 
Lord Crawford and the Rayleighs, have devoted 
themselves to scientific pursuits, and the names 
of others, like the Marquis of Worcester, the 
Earl of Stanhope, Lord Dundonald and the 
Duke of Bridgewater are to be found in the 
histories of engineering, but the career of Parsons 
was entirely different from theirs. 

As the official records show, Parsons was born 
on June 13, 1854, at 13 Connaught-place, Hyde 
Park, London, being the sixth and youngest son 
of William Parsons, 3rd Earl of Rosse (1800-67), 
who by the construction of the great reflecting 
telescope at the family seat, Birr Castle, Parsons- 
town, King’s Co., Ireland, had made that place 
a Mecca for astronomers. In 1854 he was still 
President of the Royal Society, an office to 
which he had been elected in 1848. ‘* Estimable 
in all the relations of life, he pursued without 
pretensions or self-seeking the combined careers 
of a philosopher, a patriot and a philanthropist.” 

Of the Earl’s six sons, the second and third, 
William and John, died in 1855 and 1857, both 





The radial-flow turbine of 
which was fitted to the 
historic ‘* Turbinia.”’ 
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aged eleven. Of the others, Laurence, w 10 
became the fourth Earl, was born in 1840 < id 
died in 1908, while Randal, who for 41 ye rs 
was Rector of Sandhurst, was born in 1848 < id 
died in 1936. For none of them were there <ny 
of the early struggles of Watt or Faraday or 
Edison. Their studies were directed by men of 
high attainments; the observatory workshop 
was always open to them and country spc;ts 
alternated with yachting and travel. In acco: d- 
ance with tradition they all studied at Trinity 
College, Dublin, Clere spending the years 1869 
to 1873 there before entering upon his appren- 
ticeship with Easton and Anderson of Erith, 
Kent. 


Charles spent but two years at Trinity College 
from which he passed to St. John’s College, 
Cambridge, which he left in 1877 after a dis- 
tinguished career. From Cambridge Charles 
went north and it was on Tyneside that all his 
epoch-making work was done. About four 
years were spent in the engineering shops of 
Armstrong at Elswick, famous for its ordnance 
and hydraulic machinery, and about two years 
with Kitson and Company, of Leeds, of which 
Clere was a partner from 1880 to 1887. It was 
during these years that Parsons invented his 
epicycloidal steam engine, a number of which 
were made at Leeds and Erith. At Kitson’s he 
was much engaged with the application of rockets 
to the propulsion of torpedoes, but the high- 
speed engine was never far from his thoughts. 
By 1883 he had probably spent more on experi- 
ments than he had earned, but leaving Kitson’s 
he joined Clarke, Chapman and Company, at 
Gateshead, putting £20,000 into the firm. By 
April, 1884, he was able to take out his patents 
for ‘‘ Improvements in electric generators and in 
working them by fluid pressure ” and ‘* Improve- 
ments in rotary motors actuated by elastic 
fluid pressure, and applicable also as pumps,” 
patents comparable in importance with that of 
Watt of 1769. 

Fortunate in so many ways, Parsons was also 
fortunate in point of time, the world being ready 
for what he had to give it. Versed in the theories 
of Carnot, Joule, Clausins and Rankine, familiar 
with the dynamos of Gramme, Brush, Siemens 
and Edison, realising the limitations of the 
reciprocating steam engine, and a witness of the 
birth of the incandescent lamp and the central 
power station, he visualised in its entirety the 
problem of power supply. At Gateshead a 
considerable number of his small high-speed 
non-condensing turbo-generators were construc- 
ted mainly for use in ships, and some of these 
to-day are treasured possessions of museums, 
the original 7}-kW machine, illustrated opposite, 
being preserved in the Science Museum, South 
Kensington.* 

At Gateshead he was the head of the electrical 
department, but he was never cut out for a 
junior partner. So in 1889, taking his fortune in 


* A letter to the Editor from Mr. Gerald Stoney 
published on page 193 of the issue of August 12, 1932 
(vol. 134), maintained that the first Parsons steam tur- 
bine was built for 6 h.p. or 44 kW, not 7 kW, but 
Messrs. C. A. Parsons and Company have recently 
confirmed that it was 74 kW. 
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his hands, he left Gateshead with his capital, but 
wit1out control of his patents, and crossing the 
river, on a plot of two acres at Heaton near 
Newcastle-upon-Tyne, founded the now world- 
famous firm of C. A. Parsons and Company, 
Limited. Debarred for the time from developing 
parallel-flow turbines he designed and con- 
structed radial-flow turbines and condensing 
turbines. The first of the latter type is now 
preserved at Heaton. Soon after this, through 
arbitration, he regained control of his original 
patents and at the same time attacked the 
problem of the propulsion of ships by turbines, 
forming in 1894 the Parsons Marine Steam 
Turbine Company, Limited, Wallsend-on-Tyne, 
and the same year constructed the historic 
little Turbinia, fitted first with a radial-flow 
turbine (illustrated opposite) and then with three 
parallel-flow turbines driving three shafts each 
carrying three propellers. Naturally, he did not 
fight all his battles alone, and he was always 
ready to acknowledge his debt to his assistants 
and collaborators. 

The growth in the size of turbo-generators, the 
building of great power stations and the develop- 
ment of the marine steam turbine are thrice-told 
tales to be found in innumerable papers, journals 
and books. The sensational debut of the 
Turbinia at the Diamond Jubilee Review at 
Spithead in 1897 was followed by her visit to 
the Seine at the time of the Paris Exhibition of 
1900, and it was during this visit that the Havre 
naval constructor, Augustin Normand, remarked 
of Parsons, “‘ le ne pense qu’ a la turbine; il y 
pense sans cesse.” The next few years saw the 
launching of the Clyde steamer King Edward, 
the triumphs and tragedies of the destroyers 
Viper and Cobra, the building of turbine-driven 
cross-channel steamers, and the crossing of the 
Atlantic in 1903 by the turbine yacht Emerald. 
Then came the cruisers Amethyst, the Allan liners 
Virginian and Victorian, the battleship Dread- 
nought, and the Cunard vessels Mauretania 
and Lusitania. These and their immediate 
successors were all direct driven, but in 1909 
the cargo ship Vespasian was fitted with turbines 
and helical reduction gearing and a new chapter 
in marine propulsion was opened. It is impossible 
even to indicate the many steps in progress, but 
Parsons saw some of his highest dreams realised 
when he attended the trials of the Clyde steamer 
King George V fitted with geared turbines of 
3,500 h.p., supplied with steam at 550 lb. per 
square inch generated in Yarrow boilers. 

So the years passed, the turbines of de Laval, 
Curtis, Zoelly, Ljungstrém and others con- 
tributing to the problem of power production. 
Parsons meanwhile engaging in a host of investi- 
gations relating to steam, gearing, propellers, 
searchlights, diamonds, musical instruments, 
optical glass and the construction of great tele- 
scopes. He had the misfortune to lose his only 
son, Major A. G. Parsons, in action in 1918, but 
he had the pleasure of seeing his only daughter, 
Rachel, pass through the engineering course at 
Cambridge and enter the Heaton works. Lady 
Parsons, whom he married in 1883, and who died 
on October 16, 1933, was to him what Madame 
Pasteur was to Pasteur, and in the realm of 
technical literature there is probably no finer 
tribute to a woman than Mrs. Houston’s 
appreciation of Lady Parsons, published in the 
Transactions of the North East Coast Institution 
of Engineers and Shipbuilders, of which she 
was an Honorary Fellow. It was Lady Parsons 
who helped to found the Women’s Engineering 
Society, who turned Ray estate, near Kirk- 
Whelpington, into a place of beauty — now alas, 
derelict and erected the memorial to Parsons 
in Kirkwhelpington Church, the errors on 
Which are difficult to explain. 

Honours in abundance came to Parsons: the 
CB. i: 1904, the K.C.B. in 1911 and the Order 
of Morit in 1927. There were doctorates, 
honor: -y memberships and presidencies. In 
turn he received the Rumford, Grashof, Albert, 
Frank n, Faraday, Kelvin and Bessemer Medals, 
and in 1928 the Royal Society awarded him its 
Copley Medal, the most famous prize in the 
World «f science. As the son of a past-president 


of the Society, he evidently felt great satisfac- 
tion in being so honoured, and to a letter of 
congratulation from his old Newcastle friend, 
Professor Phillip Bedson, replied, ‘* Certainly 
it seems that the Scientific and Industrial Research 
Department, and the Institution of Engineering 
and Technical Schools at many universities, col- 
leges, etc., during the last 40 to 50 years is having 
the effect of bringing science into closer touch 
with the arts. The last engineer of any pro- 
fessional note to receive the Copley Medal was 
Smeaton 169 years ago; it was the year that he 
rebuilt the Edistone (sic) lighthouse, but this was 
a far less important work than many other civil 
and mechanical works carried out by him 
subsequently.” 

In 1928 Parsons had but three years left to 
him, but they were years of activity and included 
a visit to South Africa with the British Associa- 
tion. Needing a holiday, early in 1931 with Lady 
Parsons he left England in the S.S. Duchess of 
Richmond for a cruise to the West Indies. The 
travelling and expeditions, however, proved too 
much and as the sun set over Kingston Harbour, 
Jamaica, on February 11, 1931, he passed 
away. His body was brought to England and, 
on March 3, the day of his funeral among the 
Northumbrian Moors, a memorial service was 
held in Westminster Abbey, attended by a great 
gathering of men of all ranks. Soon afterwards 
a Parsons Memorial Fund was inaugurated and 
on October 5, 1950, a window to his memory 
was placed in the North Aisle of the nave of the 
Abbey. The figures in the window are those 
of Henry III and Abbott Richard Ware, but the 
window includes the arms of Parsons and the 
inscription ‘‘ To the memory of Charles Algernon 
Parsons, O.M., K.C.B., F.R.S., Marine Engineer; 
born A.D. 1854, died A.D. 1931.” 

Near the Parsons window is that to his great 
forerunner, Richard Trevithick, who gave the 
world the high-pressure steam engine and the 
locomotive, but who died in poverty and was 
buried in an unknown grave at Dartford, Kent. 
Appreciated by few in his lifetime, Trevithick’s 
contributions to engineering are fully recognised 
to-day and on April 23, 1935, to commemorate 
the centenary of his death, a service was held in 
Dartford Parish Church, at which an address 
was given by the late L. St.L. Pendred. ‘* Savery, 
Newcomen, Watt, Trevithick, Symington, Steph- 
enson, Parsons,” said Pendred, ‘‘ What a con- 
stellation of genius Can any nation of the 
whole earth show its like? And in the midst 
three bright particular stars shining, like the 
Baldric of Orion, greatest among the great. 
Newcomen, the originator of the steam engine; 
Trevithick, the first revolutionary bringing us the 
high-pressure engine; Parsons, the second 
revolutionary, getting rid of the piston, changing 
the engine radically, giving the world the steam 
turbine. Names, these, to be written for ever 
in gold.” 
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Letters to the Editor 


PRODUCTION ENGINEERING IN 
UNIVERSITY THIRD YEAR 


“Cultural ’’ Aspects of Engineering 


Sir, The publication in ENGINEERING of May 
28 (page 678) of a proposed production engineer- 
ing course as an alternative third year for a 
degree in mechanical engineering at Manchester 
University, prompts me to write and inform you 
of a somewhat different plan that was adopted 
by this University two years ago, for similar 
reasons to those set out in your article. 

In our alternative third year we have included 
studies of engineering production processes 
broadly on the same lines as Manchester propose 
to do, but we have tried to leaven the inevitable 
technological emphasis of the production side 
by requiring the students to study also what may 
be described as the cultural aspects of engineering 
itself. This we have done by requiring those 
taking the alternative course to include in their 
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studies a subject we have named the “* Growth 
and Development of Industry,” which is con- 
cerned both with the history of mechanical 
engineering and with the relationship between 
man and machine as it appears to some of my 
colleagues in the Faculty of Medicine, particu- 
larly the Professor of Industrial Health and his 
staff. The students concerned find it an intel- 
lectual adventure to sally forth for a period each 
week to the Medical School, where they hear 
their essays on the public health aspects of 
mechanical engineering criticised by medical 
men, on such subjects as human factors in the 
design of machinery, e.g., aircraft and control 
panels, and the effects of noise, vibration, dust, 
heat and nuclear energy hazards on the human 


body. 


The course in the history of mechanical 
engineering is given in this Department and 
is also taught in tutorial classes rather than 
lectures, the students having to read up the 
history of mechanical engineering and to write 
essays on particular topics and discuss them. 
In addition, each year a visit has been paid to 
the Science Museum in South Kensington, where 
the director has kindly arranged for special 
lectures and demonstrations to be given in the 
galleries, and visits have also been paid to 
engineering structures and machines of historical 
interest in this area. We have even pressed into 
service the Professor of Roman Archaeology 
in this University, who has given a special 
course, both by lectures and by demonstrations, 
illustrating the state of the art of mechanical 
engineering in Roman times. 

From the experience we have had so far it 
appears that the work is very much appreciated 
by the students who have not only reached an 
adequate standard in the conventional engineer- 
ing subjects, but have also developed their 
powers of expression and logical thought con- 
siderably during their final year. It is most 
apparent in observing how they improve their 
ability in selecting the factors that are most 
relevant to any particular issue. The numbers 
electing to take the alternative course have 
increased substantially each year so that next 
year it is expected that the limit will have been 
reached of the number that can properly be 
taught in a single tutorial class. We believe 
that for those students who are not ‘“ happily 
disposed towards analytical theory,” but who 
will undoubtedly make good engineers, we have 
found a useful and congenial mental discipline 
which they can continue to develop throughout 
their lives. 

The subjects of each year of the normal course 
and the alternative course in mechanical engineer- 
ing are given below: 

First Year:—mathematics (pure and applied), 
physics, chemistry, machine drawing and graphics. 

Second Year:—mathematics and _ physics, 
strength and properties of materials, electrical 
engineering, heat engines and hydraulics, theory 
of machines and workshop processes, engineering 
design and graphics. 

Third Year:—Option A—applied elasticity, 
applied mechanics (including fluid mechanics), 
applied thermodynamics, engineering adminis- 
tration, electrical engineering II, graphics and 
mathematics; Option B—engineering produc- 
tion processes, growth and development of 
industry, heat engines II and strength of materials, 
engineering administration, electrical engineering 
II, metallurgy ITE and statistics. 

Yours faithfully, 
AUBREY F. BURSTALL, 
Professor of Mechanical Engineering. 
King’s College, 
University of Durham, 
Newcastle-upon-Tyne, 1. 
June 2, 1954. 
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GAS MANUFACTURE 
DISPLAY AT THE SCIENCE 
MUSEUM 


A permanent display of the development of 
gas manufacture and distribution over the past 
150 years is now open to the public at the 
Science Museum, from 10 a.m. to 6 p.m. on 
weekdays and from 2.30 p.m. to 6 p.m, on 
Sundays. The Gas Gallery was opened on 
Tuesday, May 25, by Colonel Sir Harold Smith, 
chairman of the Gas Council, who are respon- 
sible for the exhibition. The detailed organisa- 
tion has been carried out by a committee of the 
Institution of Gas Engineers under the chair- 
manship of Mr. F. N. Birks, C.B.E. 

The exhibits include more than 100 scale 
models of gas manufacturing plant, including 
such items as the earliest gas works constructed 
by Murdock and Clegg, modern carbonising 
and water-gas plant, the actual prototype model 
of the original Woodall-Duckham vertical retort, 
1954 installation of Gibbons horizontal chamber 
retorts, and complete gas works, 1890 and 1950. 

These scale models are arranged in showcases 
adjacent to a series of illuminated press-button 
operated panels, which illustrate in some detail 
and in a readily understandable manner various 
processes in gas manufacture and distribution. 
Coloured lights indicate the temperature of the 
flues, retorts, etc., and, as pointed out by Mr. F, 
N. Birks in an address to Press representatives, 
demonstrate how these temperatures have 
steadily increased as the original cast-iron retorts 
were replaced by fireclay retorts and in turn by 
the use of silica as a refractory. Those panels 
intended for students or others seriously interested 
in understanding the principles of gas manu- 
facture, cover the first principles of carbonisa- 
tion; back-to-back iron retorts for coal car- 
bonisation; early fireclay horizontal retorts; 
inclined retorts; intermittent vertical retorts; 
modern horizontal retorts, continuous vertical 
retorts; coke ovens; the operation of gas 
exhausters; carburetted water-gas plant; gas 
purification processes; oxide purifiers for sul- 
phur extracting; gas measurement; gasholders; 
the flow of gas; and gas distribution. 

Several spare panels have been left for future 
developments; some possibilities, mentioned by 
Sir Harold Smith in his opening speech, include 
the gasification of heavy oils, the use of petroleum 
gases, the extraction of methane from mine 
workings, and the exploitation of natural gas. 

In addition to the technical exhibits, the 
display includes a cyclorama, extending the 
length of the gallery, in the form of figures in 
beaten mild steel against an illuminated back- 
ground depicting aspects of the application 
of gas in past and present times; and a series 
of historical diagrams _ illustrating George 
Dixon’s experiments with gas in 1760; William 
Murdock lighting his home in Redruth in 1792; 
Murdock’s first gas plant, 1804; Mr. F. A, 
Winsor lecturing at the Lyceum theatre in 1804; 
horizontal hand-charged retorts, 1840; and a 
continuous vertical retort house, 1853. 
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ELECTRICITY SUPPLY IN APRIL 


Increase Still Maintained 


During April, 1954, 5,104 million kWh were 
sold by the British Electricity Authority. This 
is an increase of 6-6 per cent. over April, 1953, 
or, when corrected for weather, an increase of 
8-0 per cent. The number of working days 
was the same, but the weather was warmer 
this year. The amount distributed by the 
Area Boards was 5,010 million kWh, the 
remainder being supplied direct. 


PERSONAL 


The Minister of Transport and Civil Aviation has 
appointed Mr. J. F. A. Baker, M.IGE., 
A.M.I.Mun.E., A.M.Inst.T., at present deputy chief 
engineer, to be chief engineer, highways, in succession 
to Mr. E. B. HuGuH-Jones, C.B., M.C., B.Sc., 
M.LC.E., who is retiring on June 30. 


Dr. S. B. Hamitton, M.Sc., A.R.C.Sc., M.I.C.E., 
has been elected President of the Institution of 
Structural Engineers, 11 Upper Belgrave-street, 
London, S.W.1, for the session 1954-55. He will 
take office in October. 


Mr. V. C. H. Creer, M.A., a director of the 
British Thomson-Houston Co. Ltd., Crown House, 
Aldwych, London, W.C.2, has been elected chairman 
of the Council of the Electric Lamp Manufacturers 
— for the year 1954-55, with effect from 

une 1. 

Mr. C. H. CHICHESTER SMITH, D.S.C., A.F.R.Ae.S., 
has retired from the chairmanship and board of the 
Air Survey Co. Ltd., to enable him to concentrate 
on the weapon division of the parent company, The 
Fairey Aviation Co. Ltd., Hayes, Middlesex. Group 
CapTAIN F. C. V. Laws, C.B., C.B.E., has been 
appointed chairman of the Air Survey Co., and has 
been succeeded as managing director by COLONEL 
R. T. L. RoGers, M.A. Mr. G. W. HALL, 
A.F.R.Ae.S., a director of the parent company, has 
been elected an additional director to the Air Survey 
Company, the two other directors of which are Mr. 
J. C. MACPHERSON and Mr. R. Fairey. 


COMMANDER C. M. Jacos, D.S.C., A.M.I.E.E., 
R.N. (retd.), has been appointed deputy technical 
manager of the Marconi International Marine 
Communication Co., Ltd., Chelmsford, Essex. 


Mr. G. R. MarsH, who has been a director of 
Wickman Ltd., Tile Hill, Coventry, for 14 years, 
has now been elected managing director. 

Mr. KENNETH CROXTON has been appointed a 
director of Geo. Robson & Co. (Conveyors) Ltd., 
or Engineering Works, Hodgson-street, Shef- 

eld, 3. 

Mr. A. R. SUTCLIFFE, manager of the centrifugal 
purifier department of Hopkinsons Ltd., Hudders- 
field, has retired, and has been succeeded by Mr. 
J. M. GRIFFITHS. 

Mr. S. RyMeELL, for many years deputy chief 
inspector to Westland Aircraft Ltd., Yeovil, has been 
appointed deputy chief inspector to Folland Aircraft 
Ltd., Hamble, Southampton, as from June 1. The 
firm’s chief inspector is Mr. E. H. S. FoLLanp. 

Sir Guy Nott-Bower, K.B.E., C.B., who has 
been director of public relations of the National 
Coal Board since 1948 retired on May 31. He was 
formerly deputy secretary of the Ministry of Fuel 
and Power. 

Mr. R. W. Grice has been made chief experimental 
engineer for cars and commercial vehicles to the 
Austin Motor Co. Ltd., Longbridge, Birmingham. 
He joined the company in 1926 as an engineering 
apprentice. 

Mr. G. L. HANKEY has been appointed technical 
sales representative for the South-Wales area of 
Higgs Motors Ltd., Witton, Birmingham, 6. 

Following the transfer of the resistance welding 
business of BRITISH INSULATED CALLENDER’S CABLES 
Ltp. to the METROPOLITAN-VICKERS ELECTRICAL Co. 
Ltp., Mr. A. H. Lawson, M.Eng., who was respon- 
sible for the welding-machine department at Prescot, 
has now joined the Metropolitan-Vickers staff at 
Trafford Park, Manchester, 17, as sales engineer. 

Mr. M. E. O’K. TrowsripGz, B.Sc., A.C.G.I., 
A.M.1I.Chem.E., has been appointed general sales 
manager of Sharples Centrifuges Ltd., ‘‘ Tower 
House,”” Woodchester, Stroud, Gloucestershire. 

Mr. Rex Bate, M.I.E.E., has been appointed sales 
director of Enfield Cables Ltd., Victoria House, 
Southampton-row, London, W.C.1. He takes up 
his duties on July 5. 

Mr. T. E. PARKINSON, late sales manager of Sykes 
Machine Tool Co. Ltd., has relinquished that position 
to take up the post of sales manager to the Mortimer 
Engineering Co., 210 Acton-lane, London, N.W.10. 
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BUSINESS CHANGES 


WILLiaM Jones Ltp., have moved their offices from 
21 Russell-square, London, W.C.1, to Adam House, 
1 Fitzroy-square, London, W.1. (Telephone: EUS- 
ton 7871.) 

Tue Society OF NAVAL ARCHITECTS AND MARINE 
ENGINEERS have moved their uarters to 74 
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Tue At Las Dieset Co. Ltp., Wembley, Middle:ex, 
have moved their Midlands branch from 106 Que: 1’s 
Head-road, Handsworth, Birmingham, 21, to la. »er 
premises at 1 Mary-street, Walsall, Staffordsh re. 
(Telephone: Walsall 3510.) The branch manage: is 
Mr. W. A. Hoop. 


D. & C. AND WILLIAM Press LTD., 27 Ash 2y- 
place, London, S.W.1, have now concluded he 
purchase of the old-established Canadian business of 
Ross-MEAGHER LtD., civil engineers and building 
contractors. 

THE INSTITUTION OF MINING ENGINEERS, 436 
Salisbury House, London, E.C.2, inform us that their 
telephone number has been changed to NATional 
0624-5. 

THE MINNESOTA MINING AND MANUFACTURING 
Co. Ltp., Arden-road, Adderley Park, Birmingham, 
8, have opened a sales office at 90 Mitchell-street, 
Glasgow, C.1. (Telephone: City 6704-5.) 

RUDKIN AND Riey Ltp., Cyprus-road, Aylestone, 
Leicester, have been appointed sole distributors to 
the wire industry, at home and overseas, of the wire- 
drawing die Profiloscopes manufactured by the 
Longworth Scientific Instrument Co. Ltd., and de- 
signed by the British Iron and Steel Research 
Association. 

= .&..% 


CONTRACTS 


Air Liners. Three of their Viscount air-liners are 
to be supplied to Capital Airlines, one of the oldest 
air-travel operating companies in the United States, 
by ‘VICKERS-ARMSTRONGS LTD., Vickers House, 
Broadway, London, S.W.1. In addition, Capital 
Airlines have taken an option on 37 further 
Viscounts. The delivery of the first three aircraft 
will be made in the first quarter of 1955 and 
immediately they are received the aircraft will be 
placed on schedule services on the firm’s more 
important routes which serve the eastern half of 
the United States. The Viscount is a _turbo- 
propeller machine and the engines are ROLLs- 
Royce “‘ Darts.” 

Telecommunications Cables. An _ order worth 
1,000,000 American dols has been received by 
W. T. HENLEY’s TELEGRAPH Works Co. L1p., for 
the supply of telecommunication cables for the 
Telephone Company of Bogota, Colombia, South 
America. The cables are required in connection 
with a scheme for the substantial expansion of the 
Colombian telephone system. 

Coal Preparation Plant. The GENERAL ELECTRIC 
Co., Ltp., Magnet House, Kingsway, London, 
W.C.2, have announced that their FRASER AND 
CHALMERS ENGINEERING WorkS, Erith, Kent, 
have received an order for a complete coal- 
preparation plant for the National Coal Board, 
South Western Division, to be installed at the 
Board’s Maesteg site, South Wales. The plant 
will include a 12 ft. diameter Chance cone for three- 
product separation. The plus-8 in. coal will be 
hand cleaned, the 8 in. by 14 in. will be washed in 
the 12 ft. cone, and the 14 in. by 0 in. fines will be 
used for power-station lines Included in the 
contract are a steel-framed building to house the 
plant, conveyors, shaker screens, crushers and all 
electrical control gear. 

Collier. A contract to build a single-screw self- 
trimming collier of 4,600 tons deadweight for 
Wm. Cory & Son Ltd., London, has been entrusted 
to the BURNTISLAND SHIPBUILDING Co. LTD., 
Burntisland, Fife. Her length, between perpen- 
diculars, will be 320 ft., her breadth, 46 ft., and her 
depth moulded, 22 ft. 4 in. The propelling 
machinery will comprise a six-cylinder 1,300-b.h.p. 
CLARK-SULZER Diesel engine. 

Bailey Pontoons. An order valued at £168,000 for 
Bailey pontoons has been placed by the Canadian 
Government with THos. Storey (ENGINEERS), 
Lrp., Stockport, manufacturers of the Bailey 
Bridge. 

Diesel-Electric Locomotives. The British Transport 
Commission have placed orders with the ENGLISH 
Exectric Co. Ltp. for 170 sets of equipment for 
350-h.p. Diesel-electric shunting locomotives for 
British Railways; 78 to be delivered next year and 
the remaining 92 in 1956. The locomotives will be 
built in British Railways workshops in 1955 and 
1956. Of the first 78, 28 are to be built at Darling- 
ton and 50 at Derby. The building allocation for 
the remaining 92 will be announced later. 
contracts are part of a programme announced by 
British Railways in December, 1951, to provide 
573 Diesel shunting engines during the five years 
1953-57. 

Radar Installations. Clan Line Steamers Ltd., have 

an order with the MARCONI INTERNATIONAL 
COMMUNICATION Co., Ltp., for 24 marine 
radar installations for vessels of their fleet. 
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REDUCING INDUSTRIAL ACCIDENTS 
TWO-DAY COURSES AT BIRMINGHAM TRAINING CENTRE 


The Industrial Safety Training Centre at Bir- 
mingham, which has now been operating 
successfully for some time, had its origin in three 
short experimental courses in industrial safety 
which were held in Birmingham in 1950. These 
courses were organised by the Birmingham and 
District Industrial Safety Group, which is affili- 


ated with the Royal Society for the Prevention’ 


of Accidents. The success of the courses was 
such that out of them has developed a training 
centre which is unique in this country. 

The experimental courses were for press-tool 
setters, and were organised with the co-operation 
of the Birmingham University authorities, H.M. 
Inspectors of Factories, and manufacturers of 
power presses and press guards. Suitable 
machines and guards were lent by the manu- 
facturers for the duration of the experiment. 
The interest aroused by the courses was such 
that the organisers were encouraged to put the 
scheme on a permanent basis. The power 
press and guard manufacturers were prepared to 
continue their co-operation and to provide 
machinery and equipment, but the building which 
had been lent by the University was only 
available during the vacation, and was needed 
for other purposes. The first step was therefore 
to find suitable premises for conversion into a 
permanent training centre. 

To find such a building in Birmingham was 
difficult. It had to be large enough to enable 
both practical and theoretical instruction to be 
given to groups of about 30 people, and to be 
easily accessible by public transport. It had 
also to be suitable for the installation of machin- 
ery of various kinds. Premises were eventually 
obtained in the block owned by Birmingham 
Corporation in Newhall-street, Birmingham, 3, 
and occupied in part as an industrial museum. 
The building in question had formerly been used 
as a factory and was near to the city centre. 
It thus met the two major requirements of the 
Safety Group, and was large enough for their 
purpose, but it was in poor condition, having been 
unoccupied for some time. The physical defects 
of the building were remedied by volunteer labour 
provided by members of the Safety Group, who 
also redecorated it, and put up benches for 
demonstration purposes, using material which 
was the gift of local manufacturers. Meanwhile, 
machines and equipment, provided on permanent 
loan by various manufacturers, were installed. 
By the spring of 1953 the Centre was ready for 
use, and the formal opening ceremony was 
performed by the then Lord Mayor of Birming- 
ham, Alderman W. T. Bowen, J.P., on March 3, 
1953. Since that date the Centre has been in 
fegular use, and groups of operatives have 
attended courses there from as far afield as 
London and Glasgow, as well as from the 
Midlands. 

The building which has been adapted for use 
has been divided into three sections: a machine 
Toom 35 ft. long, an exhibition and demonstra- 
tion room 25 ft. long, and a lecture room of the 
Same length. The lecture room is equipped 
with » 16-mm. sound-film projector unit and an 
epidi:scope. Seating accommodation for 50 
Persc:is provides an ample margin over the 
horm..| requirements, which are for 30 operatives 
at eac': course. 


. 10DELS AND SPECIMENS FOR 
DEMONSTRATION 


The demonstration room is provided with 
bench:; along the walls, to carry specimens and 


models which illustrate the basic principles of 
industrial safety. Similar, larger equipment is 
located in the centre of the room. A wide range 
of equipment is on show to illustrate the major 
hazards of various industries, together with the 
means normally adopted to render them safe. 
Protective clothing is featured, for example, 
and there are models showing dangerous parts 
of machines, with suitable guarding. Among 
the larger exhibits is a free-lance model of a 
three-roll calender, showing the dangers arising 
on the in-going side of the rolls. It can be set 
in motion, and there are trip-arms and limit 
switches to cut out the drive if any of the danger 
points are approached. Similarly, there is a 
simple model showing, by means of spring 
balances and weights, the increasing stresses in a 
two-legged sling as the leg angle is widened. 

The machine room is at present equipped 
mainly to show the various forms of press-guard 
which are in normal use, but there are other 
machines as well, all of which have suitable 
guarding arrangements. Compressed air is piped 
to all points where it is needed to operate ma- 
chines or guards, and extra air points are pro- 
vided for the operation of compressed-air hand 
tools if required. The power presses vary in 
size from 2 tons to 40 tons rating, and are of 
various kinds, including fixed, inclinable, and 
adjustable-bed types. The press guards likewise 
are of various makes and types, and can be used 
to demonstrate the four basic principles of press 
guarding, namely, fixed, manual-interlock, 
** throw-off,” and air-operated sequential. 

The remainder of the equipment in the machine 
room includes a 6-in. capstan lathe with a 
telescopic chuck guard, a single-spindle pillar 
drilling machine similarly guarded, a small 
horizontal production milling machine with 
cutter guards, and two fly-presses with finger- 
sweep guards. 


PRESS-TOOL SETTERS 


The courses conducted in the Safety Centre 
are arranged at the request of industry, and each 
lasts for two full days. The number of persons 
attending each course is about thirty. Up to 
the present, the courses have concentrated on the 
training of press-tool setters, partly because this 
occupation has a high accident rate, and partly 
because the main demand from industry so far 
has been for courses of this type. It is intended, 
however, that the scope of the Centre shall be 
widened, and it will in time cater for the needs 
of various industries, and for particular groups 
of individuals of varying degrees of seniority 
and experience. 

A typical course for tool-setters lasts from 
9 a.m. until 5.30 p.m. on each of the two days, 
and covers every aspect of the setter’s work 
from the safety point of view. Starting with the 
elementary principles of power-press design, it 
proceeds to a demonstration of the presses in 
the machine room by representatives of the 
manufacturers. The question of maintenance is 
then discussed, followed by a further demon- 
stration on the machines. Tool setting and 
guard testing are then dealt with, and a talk on 
press-brakes and hydraulic presses follows. 
On the second day, the first item is a general 
survey of accidents occurring at power presses, 
which leads to a detailed description of the 
methods of guarding. The use and maintenance 
of press guards are next demonstrated by repre- 
sentatives of the various manufacturers, and the 
day concludes with a general discussion, with 
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time allowed for questions. Those attending 
the course are provided with notes summarising 
the instruction they have received and with 
sketches illustrating the principal mechanisms 
demonstrated. 

Such is a typical course in outline. The 
instructors, demonstrators and lecturers are all 
experts in their own particular field. Some of 
them are members of the Safety Group; they 
include practising safety officers from large 
industrial undertakings. Others are demon- 
strators employed by the makers of machines 
and guards; their services are lent by their 
employers. H.M. Inspectors of Factories, too, 
who were closely associated with the training 
scheme at its inception, have continued to make 
their services available. The Centre is run by a 
committee of members of the Safety Group, the 
manager being Mr. E. E. Jelliffe, chief safety 
Officer, Fisher and Ludlow, Limited, Albion 
Works, Kingsbury-road, Birmingham, 24. 
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THE WORLD POWER 
CONFERENCE 


Vienna Meeting in 1956 


The annual report of the World Power Con- 
ference for 1953, which has been prepared by the 
Central Office of that organisation, 201 Grand 
Buildings, Trafalgar-square, London, W.C.2, 
states that the invitation of the Austrian 
National Committee to hold the fifth plenary 
conference in Vienna in 1956 has been accepted. 
Invitations to hold sectional meetings in Yugo- 
slavia in 1957, and in Switzerland about 1960 
have been received. It is also hoped that a 
formal invitation for a sectional meeting in 
Canada in 1958 will be issued. 

During the year, there was active co-operation 
with the Secretariat and Regional Economic 
Commissions of the United Nations on statistical 
questionsand the technical assistance programme. 
The Conference was also admitted to consul- 
tative arrangements with the United Nations 
Educational, Scientific and Cultural Organisa- 
tion (Unesco) and co-operation with the Depart- 
ment of Natural Sciences of this body has 
been maintained. 

It is announced that Lord Citrine has been 
appointed by H.M. Government to represent 
them at the Sectional Meeting of the Conference, 
which is to open at Petropolis, near Rio de 
Janeiro, Brazil, on Sunday, July 25. Sir John 
Hacking will be the official delegate of the 
British National Committee and about 30 other 
engineers from this country will participate. 


te 


CENTRAL-HEATING BOILERS 
Instruction Notes for Stokers 


In many firms the members of staffs concerned 
with hand-fired central-heating boilers and hot- 
water service systems are engaged mainly on 
other duties and only secondarily as stokers. To 
meet the needs of establishments employing such 
men, the Ministry of Fuel and Power have 
prepared an instruction card, entitled “ Notes on 
the Operation of Hand-Fired Heating and 
Domestic Hot-Water Service Systems.” This 
deals with such matters as precautions on starting 
up; instructions on lighting up, firing, fire 
cleaning, overnight banking, the care of boilers 
when not in use and breakdowns; and precau- 
tions during frosty weather and general precau- 
tions. The notes which are, of course, also 
applicable to large plants employing full-time 
stokers, are mounted on stout card and 


varnished. Copies, price 2s. net, are obtainable 
from H.M. Stationery Office. 





BOOK REVIEWS 


Dimensional Methods and their Applications. 
By C. M. Focxen. Edward Arnold and Com- 
pany, 41 Maddox-street, London, W.1. (30s.) 

Though dimensional analysis was introduced as 

long ago as 1822 by Fourier in his Théorie 

Analytique de la Chaleur it is only compara- 

tively recently that a revival of interest in the 

method itself has led to a critical study of its 
foundations and revealed so large a measure of 
disagreement that one authority declared that 

“almost every proposition about dimensions 

asserted by one writer has been denied by a 

writer of equal competence.” In this book, 

Dr. Focken attempts to remedy this unsatisfac- 

tory state of affairs by advocating a practical 

method for applying dimensions which is sound 
and should prove acceptable to the majority of 
scientists and engineers. 

A relatively unsophisticated approach to 
dimensions and an elementary account of some 
of their uses is given by way of introduction. 
This is followed by a more detailed and thorough 
formulation of the underlying principles based 
largely on the operational point of view as 
expounded by Bridgman and Dingle. According 
to the latter, dimensions characterise the arbi- 
trary method of measuring physical quantities ; 
in other words they relate to magnitudes and are 
not characteristic of the ultimate nature of the 
physical quantities concerned. It is then shown 
that, though the number of fundamental magni- 
tudes is arbitrary, a derived magnitude can be 
expressed in only one way in terms of the selected 
fundamental magnitudes. It is also pointed out 
that a physical equation must be valid whatever 
the size of the units chosen so that, when every 
magnitude occurring in it is reduced to funda- 
mental magnitudes, the equation must be homo- 
geneous in each fundamental magnitude while 
the power to which a fundamental magnitude 
occurs in the reduced expression represents the 
dimension of that fundamental magnitude in the 
corresponding term. Buckingham’s important pi 
theorem is then proved and the method of using 
it to derive relations involving dimensionless 
arguments is illustrated. An outline is also given 
of O’Rahilly’s alternative measure-ratio method. 

Chapter III is devoted to a consideration of the 
dimensions of physical magnitudes under the 
headings: directed magnitudes, thermal magni- 
tudes, electrical and magnetic magnitudes. 
The controversial question of the dimensions to 
be assigned to temperature is carefully discussed 
while the full inquiry into the merits and demerits 
of the electrostatic, electromagnetic and M.K.S. 
systems should help to remove some common 
misapprehensions. Various criticisms of the 
dimensional method by N. R. Campbell and 
others are examined. Physical applications of 
dimensional methods are next considered, starting 
with the routine problem of conversion of units 
and then proceeding to problems of dimensional 
analysis proper in which, as is pointed out, the 
most difficult step is to decide on the list of physi- 
cal quantities that may be expected to be 
involved in the reiation sought, which is far from 
a routine matter. There is also a most interest- 
ing section dealing with applications to theoretical 
physics. The final chapter, on engineering 
applications of dimensional analysis, includes a 
valuable discussion of model experiments as 
used in ship design, hydraulics, aeronautics, heat 
transfer and ventilation problems, chemical 
engineering, and which have recently been con- 
tributing significant results in geology. 

Sets of problems are provided, to which answers 
are given, and there is a brief bibliography. 
Only a few misprints were noted, such as the 
omission of “ of” at the top of page 6, methof 
for method on page 32, P,* for P,' on page 56, 
and elections for electrodes on page 149. Atten- 
tion must be directed to the poor quality of the 
printing. The uneven spacing between letters 
in words, for example “ sub st an tially”’ on 
page 102, is most distracting, some lines overlap, 
as on pages 4 and 29, and in others the alignment 
is faulty, as on pages 172 and 173. The symbols 
for magnetomotive force and reluctance on page 


82, 88, 101 and 102 are displeasing and look out 
of place. This somewhat shoddy typography 
does not appear materially to have reduced the 
cost and it is to be hoped it can be avoided in 
future. Despite these blemishes, however, Dr. 
Focken’s clear presentation of the underlying 
implications of dimensional analysis and the 
wide range of problems he has chosen to illus- 
trate its applications should make a special appeal 
to engineers. 


Mathematics for Students of Engineering and 
Applied Science. By L. B. BENNY. Oxford 
University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, London, E.C.4. (35s.) 

Before a student can profitably embark on a 
serious study of engineering it is now more than 
ever necessary that he should have acquired, by 
the expenditure of the appropriate time and 
effort, the requisite quantity of the right type of 
mathematics. Such a student regards mathe- 
matics as a means to an end rather than as an 
end in itself, he is less concerned with general 
theorems than with particular applications, and 
he cares little, if at all, for the formal abstract 
approach of the pure mathematician. What he 
needs is an extensive mathematical equipment of 
the directly serviceable sort which he can bring 
effectively to bear upon the practical problems 
with which he is primarily concerned. For this 
particular purpose the professional mathema- 
tician is not always the most satisfactory guide 
and some notable texts on applicable mathe- 
matics have been written by other than pro- 
fessional mathematicians. 

Mr. Benny’s long experience of teaching mathe- 
matics to students of technology and his 
sympathetic appreciation of their special needs 
has enabled him to produce a course that is 
both sound and comprehensive. Though the 
first six chapters, dealing with limits, conver- 
gence of series, imaginary and complex quantities, 
determinants, the elements of plane and solid 
co-ordinate geometry, vectors and vector pro- 
ducts, are partly revisional in character they are 
mainly intended to consolidate and extend the 
foundations for the developments to follow. 
A discussion of differentiation and its applica- 
tions in Chapter 7 leads to the expansion of 
functions in series while the account of standard 
methods of integration in Chapter 9 is followed 
by applications to the evaluation of areas and 
volumes, centroids, mean values and Euler’s 
theory of struts. The systematic study of 
differential equations is begun in Chapter 11 
which deals with ordinary equations and 
includes a fairly full treatment of simultaneous 
linear equations such as arise in the analysis of 
coupled circuits. The integration of linear 
differential equations in series is dealt with in 
Chapter 13 and partial differential equations in 
Chapter 15 (partial differentiation and its 
_ having been introduced in Chapter 
12) 


The account of Fourier Series and practical 
methods of harmonic analysis in Chapter 14 
is particularly good as also is the discussion of 
multiple integrals in Chapter 16 which includes 
an account of the Beta and Gamma functions. 
The essential results in spherical trigonometry, 
given in the following chapter, are illustrated by 
examples taken from astronomy and surveying. 
Chapter 18 on the differentiation of vectors 
covers curvature and torsion of space curves, 
Frenet’s formule and the theorems of Green and 
Stokes. The concluding chapter contains a 
useful introduction to errors of observation and 
the method of least squares. 

In addition to the numerous examples worked 
out in the text, many of which have practical 
implications, a large number of exercises are left 
to the student and answers to them are provided. 
A chapter on numerical calculus would be a 
useful addition. No single work is, however, 
likely to contain all the mathematics an applied 
scientist is likely to need, though everything 
Mr. Benny has included in this volume is almost 
certain to be of service to him. The book is 
excellently produced and most moderately 
priced. 
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TRADE PUBLICATIONS 


Electric and Diesel Electric Traction. The Englis 
Electric Co., Ltd., Queen’s House, Kingsway 
London, W.C.2, have issued a handsome bookk 
describing a number of Diesel-electric and electri 
locomotives and trains which they have supplic | 
in recent years. Their Diesel-electric locomotive ; 
are now in operation on the Southern Region o/ 
British Railways, in South Australia, Queensland , 
Egypt, New Zealand and Brazil; while electri: 
locomotives are at work on the Southern Region of 
British Railways, as well as in Spain, Australia 
and New Zealand. Motor-coach trains are in use 
in this country and in India, Poland and Denmark. 

Tape Recorders. The Rocke International Corpora- 
tion, Rocke International Building, 13 East 40th- 
street, New York 16, U.S.A., have issued a leaflet 
describing the multiple-track tape recorders deve- 
loped by the Ampex Electric Corporation, 934 
Charter-street, Redwood City, California, for 
whom they are agents. The recorders, intended 
for instrumentation analysis, fall into three cata- 
gories: (1) for recording signals from direct 
current to 10,000 cycles per sec.; (2) for recording 
telemetered data within a frequency range from 
200 to 100,000 cycles per sec.; (3) for recording 
pulse-width modulated signals within a range from 
60 to 1,000 microseconds of pulse width. 

Air-Operated Spanner. The Ingersoll-Rand Co. Ltd., 
165 Queen Victoria-street, London, E.C.4, have 
issued an illustrated leaflet describing their size 534 
Impactool for applying and removing nuts up to 
1}-in. bolt size. It consists of a reversible multiple- 
vane air motor driving an impact unit which con- 
verts the torque into a succession of “ rotary 
impacts,” applied to a nut, permitting rapid tighten- 
ing to any desired extent, or the removal of frozen 
or corroded nuts which would otherwise have to 
be burned or cut off. This tool, hitherto manufac- 
tured only in the United States, is now in production 
at the Manchester works of the Ingersoll-Rand Co. 

Air Line Filters. We have received from C. A. 
Norgren Ltd., Shipston-on-Stour, Warwickshire, 
an illustrated leaflet describing additions to their 
range of transparent-bow/l air filters for pneumatic 
lines of } in., % in., } in. and 1 in. diameter pipe 
sizes. They are designed to remove particies 
greater than 40 microns. 
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BOOKS RECEIVED 


Electrical Ignition Equipment. By F. G. SPREADBURY. 
Constable and Company, Limited, 10 Orange-street, 
London, W.C.2. (25s.) 

Minerals for the Chemical and Allied Industries. By 
SypDNeEY J. JOHNSTONE, O.B.E., F.R.I.C. Chapman 
and Hall, Limited, 37 Essex-street, London, W.C.2. 
(75s.) 

Hydraulic Transport of Coal. Proceedings of a 
Colloquium held by the National Coal Board in 
London, November 5-6, 1952. National Coal 
Board, Hobart House, Grosvenor-place, London, 
S.WA. (10s. 6d.) 

Locomotive and Train Working in the Latter Part of 
the Nineteenth Century. Vol. VI. By E. L. 
AuHrRons. Edited by L. L. AsHer. W. Heffer and 
Sons, Limited, Cambridge. (12s. 6d.) 

Industrial Diamond Trade Names Index and Year 
Book for 1954. Compiled jointly by Industrial 
Diamond Information Bureau and _ Industrial 
Diamond Review. Fifth edition. N.A.G. Press, 
Limited, 226 Latymer-court, Hammersmith, London, 
W.6. (3s. 6d.) 

Industries Association Classified Directory 
and Buyers’ Guide, 1954. Fifth edition. The 
Standard Catalogue Company, Limited, 26 Blooms- 
bury-way, Holborn, London, W.C.1. (32s. 6d.) 

History of the Steam Train. By H. A. WHITCOMBE. 
Locomotion Papers No. 9. The Oakwood Press, 
Tanglewood, South Godstone, Surrey. (Ss. 6d.) 

Disposal of Waste Waters from Industrial Premises. 
Federation of British Industries, 21 Tothill-street, 
London, S.W.1. (2s. 6d.) 

The Spectrum of Steel. A Table for the Selection of 
Homologous Spectral Lines. By JoHN CONVEY and 
J. K. Hurwitz. Report No. 848. Department of 
Mines and Technical Surveys, Mines Branch, 
Ottawa, Canada. (1 dol.) 

Das Lesen Technischer Zeichnungen. Werksiatt- 
biicher No. 112. By WALTER BEINHOFF. Springer- 
Verlag, Reichpietschufer 20, Berlin, W.35. 
(3-60 D.M.) R 

Hiitte. Des Ingenieurs Taschenbuch. Maschinenbau, 

Tel A. Wilhelm Ernst und Sohn, Hohenzo.‘ern- 

damm 169 Wilmersdorf, Berlin. (25 D.M.) 
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ELECTRICAL SAFETY IN FACTORIES 


PRACTICAL INTERPRETATION OF REGULATIONS 
By F. Murgatroyd, M.SC.TECH., M.I.E.E.* 


The following notes on electrical safety in 
factories express the personal views of the writer 
and should not be taken as official pronounce- 
ments of the Factory Department. It should also 
be remembered that, in the last resort, the 
interpretation of a statutory regulation rests 
with the Courts. The following abbreviations 
have been used: F.A. for the Factories Act, 1937; 
§. for a section of the above Act; E.R. for the 
Electricity Regulations; Ex. for an exemption 
forming part of the Electricity Regulations; 
B.S.I. for British Standards Institution; and 
C.P. for Code of Practice (issued by the B.S.I.). 

The official publications, which are obtainable 
from H.M. Stationery Office, are: Memorandum 
on the Electricity Regulations— Form 928, 
(3s.); ‘* Electrical Accidents and Their Causes ” 
- Form 929, published annually, (3s.); and the 
Electricity (Factories Act) Special Regulations, 
1908 and 1944- Form 954, (2d.). 

A placard (Form 954) giving the Electricity 
(Factories Act) Special Regulations, 1908 and 
1944 must be kept posted in each factory in a 
suitable position (S.115). An electric shock 
placard must also be displayed (E.R.29). The 
placards should be robust — they are available 
with the printing on metal sheeting. The 
employer and all persons employed have a 
statutory duty to comply with the regulations. 
Defined meanings are given to electrical terms. 
There are seven classes of exemptions. 


ARTIFICIAL RESPIRATION 

The accepted methods of artificial respiration 
are the Holger-Nielsen, Schafer, Sylvester and 
Eve rocking stretcher. The Holger-Nielsen 
method is gaining priority because it is less tiring 
for one person to apply for a long period. A 
pamphlet on it is published by the Royal Life 
Saving Society, 14 Devonshire-street, London, 
W.1, (4d.). The rocking stretcher method 
cannot be used unless a wide board which can 
be rocked (as on a trestle) is available. It has 
enthusiastic advocates. 

When an electric shock causes unconscious- 
ness, the procedure recommended by the writer 
would be to begin at once with the Holger- 
Nielsen method. If started within one minute, 
the chance of recovery is very good. Meanwhile, 
men should be instructed to erect a wide board 
and trestle suitable for the rocking stretcher 
method. When erected, the patient should be 
placed on the board in the Holger-Nielsen 
position and rocked 15 times per minute (35 deg. 
above and below the horizontal). Oxygen may 
be administered through a closed mask, but the 
addition of a small proportion of carbon dioxide 
to the oxygen is inadvisable. Fresh air is 
necessary to give maximum oxygenation of the 
blood. An electric-shock patient should not be 
taken in the works’ car to a hospital. The 
treatment described should be given at the works 
to avoid fatal delay. It should be continued for 


not less than two hours (some medical men say 
ten hours). 


SEVERITY OF SHOCK 


The severity of an electric shock depends 
mainly on whether it is caused by direct or 
alterna! ing current, on the frequency, whether the 
shock current passes through a vital organ, and 
the dur ition and type of contact. 


*Mr. Murgatroyd is one of H.M. Electrical 
crs of Factories. 


Direct current is generally considered to be 
three times as safe as alternating current under 
similar conditions. The severity increases for 
frequencies up to 60 cycles and then slowly 
decreases. Above 50,000 cycles, fatal shocks 
are unlikely. As a guide only, the following 
currents in milliamperes may be assumed for 
alternating-current shocks at about 50 cycles: 
threshold of perception, 1; let-go current 
(maximum), 10; loss of muscular control, 20; 
entry to lethal zone, 50; ventricular fibrillation 
likely for shocks of 3 sec. or more, 100; ventri- 
cular fibrillation for shocks of 0-1 sec., 1,000; 
and burning of tissue, above 200. 


SAFE SUPPLIES 


The best insurance against risks of shock is 
the use of direct current, especially for portable 
apparatus. Under E.R. 13, there is an exemption 
from the earthing requirement if direct current 
at 150 volts or less is used for portable apparatus. 

When alternating current must be used, safety 
may be increased by reducing the voltage to, 
say, 25 or 50 volts for portable lamps and to 
100 or 110 volts for portable tools. The step- 
down transformer should be double-wound, 
the two windings being separated so that the 
mains supply cannot, by bad insulation, leak 
through to the low-voltage winding. If the low- 
voltage winding is not connected to earth at any 
point, it is good practice to interpose an “ earth 
shield ’’ between the two windings during manu- 
facture. The transformer core must also, of 
course, be earthed. For 110-volt outlets, the 
mid-point of the secondary winding should be 
earthed when the shock voltage with respect to 
earth will be halved. A portable drill may then 
be wound for 110 volts and the casing earthed, 
but the maximum possible shock voltage to 
earth will be only 55 volts. These precautions 
are widely ‘ised, e.g., for temporary circuits for 
lighting and power in ships undergoing con- 
struction or repair. They are not employed as 
much as they should be for outdoor purposes 
such as on works of engineering construction 
and building operations. 


EARTHING CONDITIONS 


The earthing of metal casings, which might 
be touched, is obligatory except for fixed appara- 
tus operating at not more than 250 volts direct 
current or 125 volts alternating current; and for 
portable apparatus operating at not more than 
150 volts direct current. In general, no objection 
is raised to the non-earthing of very-low-voltage 
alternating-current portable equipment (e.g., up 
to 25 volts with centre-point earthing). 

If the situation where the apparatus is being 
used is earth-free, i.e., the user of apparatus 
cannot touch earthed metal and is insulated from 
any earth path, as by an insulating flooring, 
then the earthing of the metal casing of apparatus 
does not add to safety; indeed, it may create a 
danger, as where testing is carried out under 
Ex.4. For instance, the testing of radio and 
television sets usually takes place in an earth- 
free situation. The set is supplied from the 
secondary of a 1-to-1 transformer of small size 
just adequate for the purpose. If a soldering 
iron were used by the tester, E.R.13 would not 
be contravened if earthing were omitted. An 
instance of the danger of earthing under Ex.4 
is the testing of control boards housed in metal 
cubicles and supplied from the mains at 230 or 
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400 volts. The live conductors are accessible 
and if a tester touches a live conductor inadver- 
tently when his other hand is in contact with an 
earthed casing he will receive a 230-volt shock 
through his heart. Earth-free conditions should 
be created and the casing left non-earthed. 


FUSES AND EARTH-PATH 
RESISTANCE 


Fuses should be designed to clear both over- 
current and short-circuit faults without danger 
or damage. Bus-bar short-circuit values of 
25 MVA at 230 volts to earth are common in 
factories and the calculated value for any 
incoming switchboard is usually obtainable from 
the Electricity Authority. The severity of the 
short circuit is lessened at the remote sub- 
circuits, but, in all instances, the fuse should 
be of adequate rating for its purpose, e.g., 
cartridge fuses of guaranteed performance. 
Fuse distribution boxes should be placed so as 
to be within easy reach (not at such a height 
that a ladder is needed). Compliance with 
E.R.3(c) and E.R.S5 is very important. 

There is no difficulty in melting a fuse on a 
phase-to-phase fault, but melting is problem- 
atical on a phase-to-earth fault. The fault 
current depends on the value of the earth-path 
resistance (back to the neutral of the supplying 
transformer). If the resistance is high, the 
possible maximum fault current may be too low 
to melt the fuse. An instrument is available for 
measuring the total resistance of the earth- 
leakage path. If the earth-path resistance cannot 
be reduced to a satisfactory value, it may be 
necessary to use earth-leakage protection. In 
any case, however, a scientific consideration of 
the problem is as necessary within the factory 
as it is on the outside electrical network providing 
the supply. 

GENERAL WIRING 

E.R.2 (general wiring) requires insulation and 
further protection where necessary. This, in 
general, means protection by screwed conduit, 
by a metallic sheathing, or by a sheathing of 
heavy rubber or other suitable material. Cleated 
wiring is permissible if out of reach and not 
subject to damage. Flexible tubing may be 
used at entries to adjustable motors. For 
details, the “‘ Institution of Electrical Engineers 
Regulations for the Electrica! Equipment of 
Buildings ” and C.P.321, ‘* Electrical Installations 
(General) ” should be consulted. 


CRANE TROLLEY WIRES 


All live conductors in factories must, as 
stated above, comply with E.R.2, but crane 
trolley wires must of necessity be bare. Their 
use is governed by the following rules: no person 
must work within reach of the live trolley wires; 
the down-shop trolley wires must be controlled 
by a labelled isolating switch or switch-fuse, the 
switch handle being accessible to any employee; 
isolation should be by padlocking the switch 
handle in the “ off” position or by withdrawal 
of the fuses — preferably the former; there must 
be a safety switch on the crane (usually in the cab) 
to isolate all supply to the crane, except the 
lighting and lifting magnet circuits (which each 
require a separate isolator); and the crane driver 
must not be in danger from the trolley wires 
when climbing into or when in the cab. 

As regards cranes in general, limit switches 
should be used, but their omission has occasion- 
ally been deemed unavoidable by plant engineers. 
Any such justifiable omission, though regrettable, 
does not necessarily involve a contravention of 
the regulations. For floor-operated cranes, the 


emergency switch should be arranged for both 
“on” and “ off” switching from ground level 
by means of ropes. For travelling hoists, 
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e.g., at dispatch bays, it is generally sater to 
avoid bare live trolley wires and to substitute 
insulated cable and cable-reeling drums. These 
have also been used with success on travelling 
cranes. 

For general, mainly non-electrical information, 
B.S.466 — “‘Electric Overhead Travelling Cranes ” 
— should be consulted. 


EXPLOSIVE AND INFLAMMABLE 
SURROUNDINGS 

The requirements of E.R.27 for explosive 
situations and inflammable surroundings may 
necessitate the use of certified flameproof 
apparatus; intrinsically-safe apparatus; segrega- 
tion; or pressurisation. Explosive gases are 
divided into four groups and flameproof electrical 
apparatus is available for Groups I, II and III. 
Group II covers most risks in factories other than 
coal gas, coke-oven gas, hydrogen, acetylene and 
carbon bisulphide. For the last three, the best 
procedure is to segregate the electrical plant as 
far as possible and to pressurise the rest. Cables 
should be enclosed in screwed conduit, which 
has been adequately threaded for full entry into 
the flameproof fittings. Flameproof conduit 
boxes should be used. Mineral insulated 
copper-sheathed cable is permissible provided 
that flameproof gland entries to fittings are used. 
Other cable systems may be permissible. 

Details are given in B.S.229 on “ Flameproof 
Enclosure of Electrical Apparatus” and in 
C.P.1003 on “ Installation and Maintenance of 
Flameproof and _ Intrinsically-safe Electrical 
Equipment.” 


FIRE PRECAUTIONS 


Fires may be the result of : insulation failure 
(leading to phase-to-phase short-circuit or to 
persistent earth-leakage); dangerous earthing 
conditions; the use of inadequately-rated oil- 
immersed switchgear (leading to switch explosion 
and oil fires); the ignition of materials by open 
sparking or by electrostatic discharge; and the 
use of incorrect fuses. 

The first essential is adequate earthing at all 
times. This points to the necessity for screwed 
and not grip-type conduit. Because fires which 
are proved to be electrical in origin are often 
due to uncleared earth-leakage faults protection 
by an earth-leakage circuit-breaker (preferably 
of the differential-current type) is essential in all 
cases where, despite all efforts, high-resistance 
earthing cannot be avoided. All the main 
switchgear should comply with the appropriate 
British Standard Specification — especially as 
regards the rating of oil-immersed switches. 
Major switchboards should preferably be installed 
in their own switch-room with fire-fighting appa- 
ratus ready for instant use. If the switchroom 
is suitably constructed, the provision of auto- 
matic carbon-dioxide protection should be 
considered. Automatic high-pressure water 
sprays are suitable for out-door transformers 
and, in fact, have occasionally been installed 
indoors for the protection of very large extra- 
high-tension switchgear. 

The use of thermal trips should be considered 
where the dangerous fault current does not 
greatly exceed the tulFload working current, 
and if there is a fire risk, e.g., for fractional 
horse-power motors, radio transformers and 
fluorescent lighting control equipment. The 
thermal trip must, of course, be in heat-contact 
with the apparatus it protects. 

Electrostatic discharge sparking can only be 
avoided by leaking the static charge away from 
the danger zone when it is trying to build up. 
Earthing devices are usually effective for this 
purpose. Electrostatic charges may also be 
eliminated by ionisation and trials are being made 
with radioactive isotopes. 


FIRE ALARMS 


A fire alarm is required under S.36 (7), if more 
than 20 persons are employed in a building. It 
must be audible to all the persons at their 
positions of employment (provided, that is, they 
have normal hearing). The device must be 
simple and need not be electrical. For instance, 
for a single-storey building, a ship’s bell is often 
effective. For a multi-storey building, electrical 
alarms, all operated from any one call-point, are 
generally used. Reliability is important and, 
for this reason, a battery back-up supply is 
necessary unless continuity of electrical supply 
can otherwise be guaranteed (e.g., supply from 
factory power station with a quick change-over 
to the public supply). Reliance solely on the 
factory broadcasting system is not acceptable, 
but this may be used to supplement the alarm and 
to give directions. If the Local Authority 
permits a siren, and this is used solely as a fire 
alarm, such use might be acceptable if it satisfies 
the condition of being “‘ effective.” Each build- 
ing in a factory may be dealt with as a separate 
unit for the purpose of 8.36 (7). As a standard 
of good practice, C.P. 327.404/402.501 (2951) — 
** Electrical Fire Alarms,” should be consulted. 


PORTABLE TOOLS 


As already stated, the best protection for 
portable tools is to reduce the alternating- 
current voltage or to use direct current. With 
one exception an obligatory precaution is the 
earthing of the metal casing of the tool, and solid 
earthing is a requirement under E.R.13 (i.e., a 
single earth wire operating through a trip coil is 
not permissible). Protective devices are available 
for use with portable tools to give added pro- 
tection against breakage of the earthing con- 
ductor, or a short-circuit between the live con- 
ductor and the casing. 

These devices do not usually protect against 
both conditions. One device commonly used 
is to supply one or more tools from a trans- 
former with the centre point of the secondary 
earthed and arranged so that a fault current from 
a live conductor to the casing trips an earth- 
leakage circuit-breaker and thus isolates the tool. 
One objection is that the tool could be used 
although the earth wire was broken, thus substi- 
tuting maximum risk for the anticipated protec- 
tion. Another, and probably more acceptable, 
device provides a circulating current which is 
arranged to flow through both a solid earth wire 
and a pilot earth wire. The pilot earth wire is 
connected in a circuit consisting of the secondary 
of a transformer, the operating coil of a contactor 
and a single-pole switch, which is the switch for 
operating the tool. If the pilot or the solid 
earth wire breaks, the supply is automatically 
isolated. This device is, therefore, designed 
to give complete protection against the first 
of the above conditions, but, in its simplest 
form gives no further protection against the 
second condition than is already provided by 
the circuit fuse. 


ISOLATION OF APPARATUS 


To comply with E.R.7, electrical switchgear 
must be installed so that every part of a system 
can be readily isolated to avoid danger. Accord- 
ing to E.R.11, every motor in a factory must 
have means for isolating both itself and its 
starter. Where the motor is adjacent to the 
driven machine, the best way is to fix an isolator 
on the machine and wire first to this isolator. 
Fuses in a box nearby would satisfy the require- 
ment, but in that case they must be clearly 
labelled with a number or figure which is also 
marked on the machine. 

E.R.12 deals with isolation from the point of 
view of use in emergency to prevent injury to 
workpeople. Thus if a person is in charge of a 
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motor, he must have a switch at hand to st.irt 
and stop it. Ifa person is in charge of a motwur- 
driven machine, means must be available io 
stop it to prevent danger. These two requ: e- 
ments are not necessarily the same: the mo‘or 
may be remote and the person in charge (w 10 
must have a switch) would not be the person 
operating the machine. The word “ dange ” 
must here (in the writer’s opinion) include 
mechanical risks and the requirement would be 
met by a de-clutching device for separating the 
machine from the drive. Thus, where such 
de-clutching gives safety, electrical stop-switches 
at the machines for switching off the remote 
motor are not required solely to comply with 
E.R.12. 

E.R.12, however, should be considered in con- 
junction with §.13(2). This says that if persons 
are working in a room containing transmission 
machinery, they must be provided with means for 
cutting off the power to that machinery. The 
inference is that the transmission machinery is 
driving something in the room. If it is not, but 
is merely passing through, the stopping device 
may be omitted if there is no danger, that is if the 
transmission machinery is fenced or out of reach. 
The device may be a push-button stop switch 
working in conjunction with a main isolating 
switch controlling the supply to the remote motor. 
If the prime-mover is a steam-engine, an electrical 
stop switch may be arranged to cut off the steam 
valve. The important practical conclusion is 
that the stop switch satisfies both E.R.12 and 
S.13(2), but the de-clutching device may only 
satisfy E.R.12 and not S.13(2). 

In the more frequent instance of plant consis- 
ting of a machine, its driving motor and the elec- 
trical control gear (all of which are close together), 
the provision of a master isolator completes an 
arrangement which complies with all the require- 
ments for isolation in E.R.7, 11, 12 and S.13(2). 

In the case of portable apparatus (E.R.13), 
special attention to means of isolating the 
flexible conductor, as well as the apparatus it 
supplies, is necessary. Fatalities have often 
resulted from rough usage of flexible cables, and 
emergencies occur demanding its quick isolation. 
While from the legal point of view, it may be 
correctly held that the provision of a wall plug 
(not fastened to the socket, as by a securing ring) 
satisfies the requirement, it will be agreed that a 
switch-socket and plug would be better and, in 
fact, is essential for the higher current values. 
For instance, a dockside plug for a large mobile 
crane is not readily withdrawable and a con- 
trolling switch is essential for its quick isolation. 


ELECTRICAL TESTING 


Testing and research are two of the four pro- 
cesses coming under Ex. 4 and the regulations 
do not apply to processes or to apparatus 
used solely for these purposes, provided that 
danger (as defined in the Regulations) is avoided. 
The essential precautions are: the employment 
of properly-trained persons; that the testing or 
research must be confined to a place “‘ set apart ” 
to which duly appointed persons alone have 
access; that all live open-type switchboards 
shall comply with E.R.17, 23 and 24 as regards 
clearances, insulating stands and use of protective 
clothing; and that contact with high-tension 
and extra-high-tension bare conductors shall 
be made impossible by enclosure in fenced areas 
having access doors interlocked with the electrical 
supply, and having earthing bars preferably 
operated by the opening of any door. No such 
high-tension or extra-high-tension area shall 
be made live until the person in charge of the 
switch has personally made sure that no one 
remains in the area. For this reason, control is 
usually effected from a gallery giving an =nim- 
peded view of all parts of the area. Eart’:-free 
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situations should be provided where this is 
essential for safety as mentioned earlier. 

Apparatus may require electrical testing and 
yet be too bulky to move to the testing area 
proper. In that event, it is permissible to 
demarcate a temporary testing area by means of 
ropes, tape, trestles and notices. Watchers 
should be stationed, as necessary, to keep people 
out. Flash-testing may be performed at an 
inspection bench provided that there are side 
screens demarcating the portion of the bench 
limited to the testing, that an insulating stand 
is erected, that the tester wears rubber gloves and 
that the flash-testing prongs have suitable shielded 
handles of insulating material. 


ELECTRIC WELDING 


Suitable gloves (without holes in them), pro- 
tective eye and face shields and a reasonably- 
insulated holder are essential for welding opera- 
tors. Most eye-flash occurrences are to persons 
assisting the welder. They should wear goggles 
with opaque side screens. The welding area 
should be enclosed as far as possible, either as a 
permanent cubicle or by portable screens, the 
object being to protect other workpeople who 
cannot avoid being nearby. 

A robust low-resistance return circuit is 
essential because all the welding current must 
find its way back to the secondary of the welding 
transformer (or the direct-current generator) 
and, if there is a break in the return cable and one 
pole of the welding supply is earthed, it may take 
unwanted paths and serious danger may arise. 
To prevent this, and to make the return current 
take the expected path, the writer’s advice is to 
insulate both secondary terminals of the welding 
transformer from the earthed transformer tank. 
The work, of course, should be earthed. 

Ex. 1 and Ex. 4 apply to electric welding cir- 
cuits but experience of accidents indicates forcibly 
that special care is necessary to avoid danger 
when a welder has to work in a confined space. 
A recent instance was of a welder who had to 
carry out an urgent repair in the cofferdam of a 
ship waiting to’ go to sea. He had to pass 
through a number of manholes, the last being 
18 in. by 12 in., and had used about 17 electrodes 
before he was seen to collapse. He was working 
in an- unventilated compartment measuring 
3 ft. by 3 ft. by 2 ft. 6 in. At the inquest the 
verdict was that death had been caused initially 
by electric shock. In such a confined compart- 
ment, the welder would have difficulty in avoiding 
contact with the live parts of the electrode holder, 
and the assumption was that he received a shock 
of at least 80 volts alternating current. The 
situation prevented any proper application of 
artificial respiration. Under 8.27, E.R.1 (which 
is not exempted by Ex. 1) and the proviso to 
Ex. 4, adequate precautions may be enforced, 
ie., proper ventilation of the compartment in 
such instances, the use of direct current for 
welding or a device (which is available) for 
reducing the open-circuit voltage in alternating- 
current welding circuits to 20 volts. 

For further information, reference should be 
made to Form 329 - ‘“* Memorandum on Electric 
Arc Welding.” 


PERMIT-TO-WORK CERTIFICATION 

The necessity for electrical permits is usually 
limited to work on high-voltage apparatus. 
Their use is established in the electricity supply 
industry. A permit system should also be used 
in those factories which possess their own power 
station, transmission system and sub-stations. 
The »bject of the permit procedure is to ensure 
that he care which the supervisory engineer must 
exerc se is directed along pre-determined lines 
of sa ety, because a mistake in isolation or earth- 
ing cin lead to disastrous consequences in loss 


of life and damage to essential plant. The permit 
is a certificate from the supervisory engineer to 
the man or men selected to carry out work on the 
high-voltage equipment. It should state which 
apparatus is dead, isolated, earthed and available 
to be worked on with safety; and the work which 
must be done. The supervisory engineer should 
sign the permit and the man in charge should 
sign a declaration of his responsibility to see that 
his men do not carry out any other work. An 
important matter is the method of cancelling 
the permit by a “ clearance certificate ’’ printed 
on the back of the permit. In this, the man in 
charge signs a statement that all his men have 
been withdrawn and warned that the work has 
ceased; and that all tools and temporary earthing 
connections have been removed. The super- 
visory engineer then accepts responsibility for 
the operation of the gear by signing a “‘ cancella- 
tion ” of the permit, which is filed for record. 

Many high-voltage accidents have been due to 
inappreciation by the supervisory engineer that 
isolated switchgear contacts may be live from 
interconnection with a remote switchboard. 
The golden rule is to check with a potential 
indicator every conductor which a cleaner or 
fitter may touch; then to check the potential 
indicator; and, finally, to earth all the conductors 
so tested. 

Recently, two men who had been handed a 
permit to carry out cleaning work on high- 
voltage bus-bars were killed when fitting some 
temporary screenwork. If switchgear on which 
work is required has first to be made safe by the 
fitting of removable screenwork, this is a duty 
for which the supervisory engineer is personally 
responsible before issuing the permit to the men. 

Permit-to-work certification is rarely necessary 
for the low and medium-voltage systems in 
factories. Isolation is usually a simple matter 
and work may be arranged to take place at meal- 
breaks, week-ends or other times when the 
apparatus is not required for production. 
Thus, if, at a week-end, a supervisory engineer 
padlocks the isolating switch for the down-shop 
trolley wires of a crane in the “ off” position, 
painters or repairers may then be instructed 
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verbally and the complication of the permi 
certificate avoided. 


CONTACT WITH OVERHEAD LINES 

Building operations or works of engineering 
construction are often begun on sites across 
which high-voltage overhead lines pass. Acci- 
dents have occurred from two main causes — 
contact with an overhead line by a machine 
(such as the jib of a crane) or contact by a man 
handling a ladder or pole. The contractor’s 
agent should not begin using mobile jib cranes 
and drag-line excavators or start construction 
work in the vicinity of the overhead lines unless 
safety has been assured. It may be possible 
to have the lines made dead and, if it is the 
intention eventually to divert them or place 
them underground, the time and method of 
doing this should be discussed with the Electricity 
Authority owning the lines. 

A typical accident investigated by the writer 
occurred on a building site. A section of a 
metal pre-fabricated house was suspended from 
the jib of a mobile crane. There was one man 
at each corner of the section, holding it so as to 
guide it into a position which was partly below 
66-kV overhead lines. One of the lines was 
touched by the jib or steel rope. Two of the 
men fell to the ground dead from the electric 
shock. Another died subsequently in hospital. 
The fourth man recovered, though badly shocked. 


CONCLUSION 


Since about 1947 the industrial use of electricity 
has increased at least at the rate recorded for the 
years prior to 1939. It has quadrupled during 
the last twenty years. In spite of this, there has 
been no such marked increase in electrical 
accidents. In view of the fact that a shock 
at 230 volts alternating current can be fatal, 
the reduced incidence of accident must be 
attributed to the work that has been done by 
many people in establishing electrical safety. 
In this connection the high standard of design 
and manufacture of British electrical apparatus 
must be mentioned. The best is not only the 
cheapest in the long run - it is also the safest. 


ELECTRODEPOSITION AND METAL 


FINISHING 
INTERNATIONAL CONFERENCE IN LONDON 


We reported briefly on page 547 of our issue 
of April 30, the proceedings at the opening of the 
fourth International Conference on Electro- 
deposition and Metal Finishing, held in London, 
from April 21 to 24. We give below outlines 
of a selection of the papers presented. 


QUANTITATIVE ADHESION TEST FOR 
ELECTRODEPOSITED CHROMIUM 

A paper submitted by Mr. C. Williams and 
Mr. R. A. F. Hammond, of the Armament 
Research Establishment, Fort Halstead, Seven- 
oaks, Kent, described the development and 
standardisation of a quantitative test for deter- 
mining the adhesion of chromium deposits to 
the basis metal. The authors stated that their 
test, which involved the use of a carefully 
machined test-piece and ancillary equipment, 
was based on a method originated in 1947, by 
Mr. W. Bullough and Mr. G. E. Gardam 
for testing the adhesion of nickel to aluminium 
alloys. This test employed a specimen of the 
alloy under investigation in the form of a bolt 
with a tapered spigot at one end upon which 
was fitted a hemispherical cap of the same alloy, 
bored accurately to fit the taper. The assembled 
test-piece was machined so that the end of the 
spigot and the face of the cap were flush. The 


assembled test-piece was stopped-off except on 
the working face, cleaned and then plated with a 
thick deposit of nickel. The cap was then de- 
tached from the bolt in a tensile testing machine, 
enabling the stress required for detachment to be 
calculated. In adapting this method for testing 
chromium deposits several modifications had 
been made. It was impracticable to build up 
chromium deposits of the thickness required to 
transmit adequate tensile stress to the interface. 
The difficulty had been overcome by plating a 
standard thickness, 0-001 in., of chromium on 
the test face and backing this to the required 
thickness with a nickel deposit. Moreover, the 
extreme brittleness of electro-deposited chromium 
necessitated special precautions in the design of 
the test-piece and shackles to ensure axial loading. 

The fracture of the chromium normally set 
a limit to the stress which could be applied at 
the interface, but adhesion values up to approxi- 
mately 20 tons per sq. in. could be investigated. 
The test had been used to study the effect of such 
factors as the thickness of the deposit, the pre- 
cleaning treatment, heat-treatment after plating 
and the chromium-plating conditions. In prac- 
tice, the adhesion of an adherent chromium 
coating was governed by the mechanical proper- 
ties of the electrodeposit and any factor which 








748 


tended to increase the effective tensile strength 
of the chromium increased the adhesion. The 
results had shown that heat-treatment of the 
plated steel in the range 400-500 deg. C., increased 
the adhesion value and suggested that the 
attainment of strong adhesion was also assisted 
(i) by employing a cleaning treatment possessing 
smoothing action, (ii) by initially controlling the 
chromium-plating process, for example, by the 
use of high temperature, and possibly (iii) by the 
use of suitable undercoats. 


DIFFUSION OF CHROMIUM INTO 
NON-FERROUS METALS 


In a paper by Mr. R. L. Samuel and Mr. N. A. 
Lockington, of Diffusion Alloys, Ltd., New 
Eltham, London, S.E.9, an account was given 
of experiments carried out during the last five 
years on the diffusion of metals into nickel and 
its alloys from the gas phase, particularly the 
diffusion of chromium and molybdenum. The 
authors stated that chromium could be diffused 
into nickel by several methods which had been 
found suitable for use with iron and steel. Thus, 
for example, vapours of chromous chloride and 
other chromium halides could be circulated 
around the metal in a stream of hydrogen, the 
temperature being maintained at 1,050 deg. C., 
or above. The method consisted in packing the 
articles in contact with a mixture of chromium- 
metal powder, 2 parts; vunvitrified kaolin, 
1 part; and ammonium iodide 0-5 per cent. by 
weight. The parts were packed with the com- 
pound in a nickel inner box which was placed 
on a steel tray. A steel outer cover enclosed the 
nickel box and a gas-tight fusible seal was 
provided around the ‘box, between the tray and 
the outer cover. Chromium-diffused nickel had 
a smooth, matt silvery appearance, and the coat- 
ing was resistant to nitric acid. 

With minor modifications, the method used 
for diffusing chromium into nickel could be 
adapted for molybdenum diffusion. Tungsten 
could be diffused into nickel and nickel alloy 
in the same manner as molybdenum and in both 
cases the coatings were resistant to hydrochloric 
acid. The coatings also had interesting pro- 
perties from the point of view of thermal oxidation 
and the depth of the diffused layer was such 
that it could be applied to electrodeposited 
nickel layers on to nickel-clad material. 


NICKEL PLATING FROM SULPHAMATE 
SOLUTION 


Certain new developments on nickel plating 
from sulphamate solutions were contained in a 
paper by Mr. M. B. Diggin, of the Hanson- 
Van Winkle-Munning Company, Matawan, 
New Jersey, U.S.A. He stated that sulphamic 
acid was similar in structure to sulphuric acid, 
with the difference that one hydroxyl group 
(OH) was replaced by an amino group (NH,), 
the formula being HSO,;NH,. Deposits from 
nickel sulphamate solutions had found applica- 
tions in three fields, namely, the salvaging of worn 
or over-machined parts, the deposition of heavy 
coatings, and electroforming. The hardness of 
the deposits approached 600 Vickers diamond 
number but this could be varied during the 
electrolysis period. The deposits, moreover, 
had a low tensile or compressive internal stress, 
and they had found applications in various 
aircraft parts where fatigue values were critical 
= where an initial soft coating with a hard case 

ial. Other applications included 

ae embossing dies, and the electroforming 

of various types of tubing such as that used in 

radar installations. The electroforming of avia- 

tion components requiring definite electrical 

resistivity properties could also be accomplished 
in the sulphamate bath. 


ORGANIC FINISHES 


A paper by Mr. E. C. J. Marsh, of Standard 
Telephones and Cables, Limited, New Southgate, 
London, N.11, was entitled ‘* Organic Finishes 
on Electroplated Coatings with Special Reference 
to Adhesion.” The author stated that the 


primary difficulty with organic coatings on zinc 
was associated with ensuring adhesion. The 


modern phosphating processes, however, gave 
much improved durability to organic finishes on 
zinc plate, but the degree of improvement was 
somewhat variable and still left much to be 
desired. The real solution to the problem of the 
adhesion of organic films to zinc plate had been 
found, for opaque coatings, in the introduction 
of the etch primer. This formulation had been 
devised by the Bakelite Corporation of America 
some years ago. It was based on vinyl-butyral 
resin and was provided in two separate solutions 
One containing a zinc chromate and the other 
phosphoric acid. The two solutions were mixed 
thoroughly in specified proportions and had to 
be used within a specified time. The reactions 
occurring in the applied film were complex, but 
one appeared to be between the phosphoric acid 
and the zinc coating. If the right quality of etch 
primer were selected and properly employed, it 
could be air-dried or stoved, and it could be over- 
coated with cellulose, air-drying or stoving 
media, the resulting finish exhibiting extra- 
ordinarily good adhesion to the zinc. 

The provision of organic finishes upon 
electroplated coatings of cadmium was even more 
difficult than on zinc, but a procedure that had 
been fairly extensively used in industry in recent 
years was over-coating with a thin electroplate of 
tin before organic finishing. This was quite a 
reasonable procedure, except that it entailed an 
additional electroplating operation and associated 
washes, which might complicate production 
lines. Generally speaking, it gave material help 
in ensuring the adhesion of stoved finishes. The 
application of organic finishes to electro-tinplate 
was extensively practised. Aluminium-pigmented 
cellulose and stoved finishes were reasonably 
good, but they were improved out of all pro- 
portion to the effort if an etch primer were 
employed. 

The application of organic finishes to nickel 
plate did not present problems of the magnitude 
encountered with zinc and cadmium, and enamels 
or lacquers adhered satisfactorily in relation to 
their type. Here again, however, the use of an 
etch primer was advantageous. 


TIN-ALLOY PLATING 

American experience in tin-alloy plating was 
given in a paper by Dr. F. A. Lowenheim of the 
Metal and Thermit Corporation, Rahway, 
New Jersey, U.S.A. He said that several new or 
improved processes for the deposition of tin 
alloys had been offered to the plating industry 
during the past few years, and some had resulted 
from the work of the Tin Research Institute. 
Tin-zinc electroplate had some unique properties 
which had caused its adoption by the electrical 
and electronics industries. Tin-lead plating was 
also well entrenched in America. Several others, 
among them tin-copper, tin-nickel, and tin- 
cadmium, were in relatively advanced stages of 
commercial development. 

Another paper on tin-alloy plating was 
entitled “* Progress in Tin-Nickel Electroplating,” 
and read by Dr. A. E. Davies, of the Tin 
Research Institute, Greenford, Middlesex. He 
stated that N. Parkinson had established in 1951, 
that tin and nickel were deposited in roughly 
equi-atomic proportions from solutions con- 
taining stannous chloride, nickel chloride, 
sodium fluoride and ammonium bifiuoride. The 
formula NiSn could be ascribed to the deposit. 
The work described in the present paper had 
shown that the hydrofluoric acid present only 
served to control the pH of the solution. Hydro- 
chloric acid could be used instead of hydro- 
fluoric without adverse effect on the quality 
of the alloy deposit; a high concentration of 


TABLE I—Modified Tin-Nickel Solutions 














Solution Compositions, grammes 
per litre 
Ingredients 
A B 
NiCl. 6H,O 250 250 
SnCl,. 2H,O 50 50 
NH,F 30 33 
Na a ‘oi —~ 20 
HCI (32 per cent.) 8 8 
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acid was unnecessary. The compositions 0} 
two possible solutions A and B, were given ir 
Table I. The stannous-tin losses resulting from 
oxidation should be made up by appropriate 
additions of stannous chloride and fiuorides. 
The two solutions were undergoing extensive 
trials in a 40-litre pilot plant. 


ELECTRODEPOSITION OF MANGANESE 


“*A Laboratory Technique for the Electro- 
deposition of Manganese on Other Metals ”’ 
was presented by Miss Winifred A. Bell, of the 
Fulmer Research Institute, Stoke Poges. She 
stated that her paper described a technique for 
the deposition of bright smooth manganese 
electroplated coatings utilising an electrolyte 
containing 112 grammes per litre of MnSO,, 
4H,0.; 139 g. per l. of (NH,), SO,; 1 g. per 
1. of citric acid and small additions of hydroxyl- 
amine sulphate, in a divided cell with bagged 
carbon anodes. The best results had been 
obtained at temperatures of from 20 to 32 deg. C., 
with a cathodic current density of about 23 
amperes per sq. decimetre. Moderate agitation 
of the catholyte and water-cooling were desirable. 
The initial pH of the solution was adjusted to 5; 
that of the catholyte rose to 8-5 during deposition. 

Electroplated manganese oxidised very rapidly 
and was soon covered with a dark-brown film 
which remained unchanged for varying times 
depending on the corroding conditions. For 
this reason manganese could not be used as a 
protective coating for steel, aluminium or any 
other metal when appearance was of prime 
importance. There might be, however, many 
applications in which appearance was not an 
important factor. Manganese plating also had 
the advantage of having a high hardness varying 
from 550 to 725 diamond-pyramid numbers. 
This suggested the possibility of using manganese 
coatings to improve the wear and abrasion 
resistance of metals, particularly aluminium. 


UNIVERSAL PROBLEMS 

In the course of his paper on “ Universal 
Metal-Finishing Problems—A Plea for Inter- 
national Co-operation,” Dr. S. Wernick, the 
honorary secretary of the Institute of Metal 
Finishing, London, said that the solution of these 
problems would bring immense benefit to all 
engaged in the industry. An international co- 
operative effort to solve the most urgent of these 
problems, directed by a central authority and 
utilising the resources of laboratories in Europe 
and the United States was advocated. Such 
a project would pool technical resources, elimi- 
nate duplication of effort and accelerate the 
production of the desired results. Typical of 
the problems awaiting solution were the elimina- 
tion of roughness in nickel plating, the develop- 
ment of an efficient chromium electrolyte other 
than chromic acid, a reliable workshop method 
for determining nickel thickness in substitution 
for the otherwise admirable jet test, and the 
disposal of noxious effluents. In the latter 
connection methods of treating electrolytes such 
as cyanides, chromic acid, industrial acids, 
pickles and other spent liquors had been worked 
out. They were somewhat complex and also 
required expensive plant if the treatments were 
to be carried out effectively. Such requirements 
might be faced with equanimity by the large 
plating plants, but were of very serious concern 
to the smaller shops. A concerted effort was 
required to develop methods of dealing with the 
common effluents which would be simple and 
economical, necessitating the minimum of 
additional plant and maintenance and the 
minimum space to house the plant. 


xk * 


THE PHYSICS OF THE 
IONOSPHERE: ERRATUM 


We regret that in reporting the 45th Kelvin 
Lecture in our issue of May 14 (page 621), the 
footnote to Mr. J. A. Ratcliffe’s name was 
worded incorrectly. We should have stated that 
Mr. Ratcliffe is at the Cavendish Laboratory. 
Cambridge. 
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VEHICLE SAFETY AND ROAD DESIGN 
WORK OF THE ROAD RESEARCH LABORATORY 


In presenting the reports for 1953* of the Road 
Research Board and of the Director of Road 
Research, the chairman of the Board, Sir Frank 
Smith, states that research was profitably pur- 
sued on many lines. As in previous years the 
scope of the work of the Laboratory was wide 
and the report of the Director is, as is customary, 
divided into two sections: one deals with 
“ Safety,” the other ‘* Materials and Construc- 
tion.” 
BRAKING OF VEHICLES 


A considerable part of the work of the Labora- 
tory is devoted to the performance of vehicles 
and during the course of the year studies were 
continued into the braking capacity of motor- 
assisted cycles, motor cycles and vehicles. In 
particular the Director draws attention to a 
phenomenon which, though mentioned in his 
previous report, does not appear to have become 
generally recognised. This concerns certain 
peculiarities in the behaviour of cars during 
emergency braking when the front wheels do not 
lock at the same time as the rear wheels. It 
has been found that, if the rear wheels lock 
more than 0-5 sec. before the front wheels, the 
car suffers an angular deviation from its path 
which can lead to difficulties on a road of normal 
width. If the rear wheels lock less than 0-5 
sec. before the front wheels, or if the front lock 
before the rear, then the car does not deviate. 

In measurements made during “* Safety Weeks ” 
it has been found that nearly 30 per cent. of road 
vehicles have no braking on one or more wheels 
and that on nearly 10 per cent. of the vehicles 
there was no braking on both back wheels. The 
effect of no braking or of unbalanced braking 
on the rear wheels does not show itself, as in the 
case of unbalanced front brakes, by a deviation 
of the car during severe braking, but it does lead 
te an increase in the distance required to stop. 
The reason for this deterioration in rear-wheel 
braking is not known for certain but is alleged 
to be due to defective oil seals on the half-shafts 
allowing back-axle oil to reach the brake drums. 

Another braking problem investigated during 
the past year and which gives rise to concern 
relates to the motor-assisted cycles, in the form 
of pedal cycles with small engines attached, 
which have become so popular. In general these 
cycles are fitted only with rim brakes and it has 
been found that, even in dry weather, between 
26 ft. and 37 ft. are required to bring the cycle 
to rest from 20 m.p.h. (a car with good brakes 
required only 21 ft. under the same conditions). 
Under wet conditions, however, the braking 
distance increased up to between 43 ft. and 94 ft. 
whereas a car could be brought to rest in 23 ft. 
In general, adequate braking for all weathers 
could only be obtained with an enclosed form of 
hub brake on both wheels. 


DIRECTION INDICATORS 
Working in conjunction with the Laboratory 
the Cambridge Applied Psychology Unit of the 
Medical Research Council has undertaken 
experiments to determine the relative merits of 
the semaphore type direction indicator and the 


“recently introduced form of flashing indicator, 


Generally, it was found that the semaphore 
was more readily seen at night, produced a 
quicker response and was less likely to be 
confused with stop-light signals than were 
flashing indicators. Part of the slowness in 
fespo ise to flashing signals could be attributed 

* Road Research 1953, Published for the Depart- 


ment of Scientific and Industrial Research by H.M. 
Stationery Office, Kingsway, London, W.C.2 (5s.). 


to their partial masking by headlights and to the 
time required for the observer to decide whether 
he was looking at a signal or a stop light. 
Improvements to the existing arrangements of 
flashing signals could be made by locating the 
signal lamps away from the headlamps. 


POWER-OPERATED DOORS ON BUSES 


Experiments with public-service vehicles fitted 
with power-operated doors have recently been 
made in several towns, including Reading. 
The vehicles, which include both motor buses 
and trolley buses, are fitted with the doors at 
the rear; the doors, operated by the driver, 
fold inwards with two hinged sections to each 
side. An interlock device prevents the bus from 
being driven unless the doors are shut. 

The figures show that the doors have reduced 
the numbers of boarding and alighting accidents. 
The advantages of doors may, however, be 
offset by the delays which would slow up the 
service, entail more vehicles and add to 
congestion. 


STRESSES IN PAVEMENTS 


Experiments on the determination of stresses 
induced by traffic have provided information 
on the following problems: the nature of the 
stresses; the manner in which the stresses can 
be simulated to compare one road with another; 
and the form laboratory tests should take to 
determine the likely behaviour of road-making 
materials under operating conditions. 

In experiments at Sapcote Junction it was 
found that, whereas the stress in road surface 
produced by a vehicle travelling at 30 m.p.h. 
rose to a maximum and fell again in 0-020 second, 
the stress in the subgrade persisted for about 
4 second. When the load on the axle of a 
moving lorry was tripled, it was spread by the 
tyre so that the stress in the road surface increased 
only slightly, but the stress in the subgrade just 
beneath the base was almost tripled. A theo- 
retical analysis has been devised for the loading 
of a two-layer system that is in agreement with 
these measurements. The stresses in the sub- 
grade were in general found to be some 30 per 
cent, greater in spring than in autumn. 


NON-DESTRUCTIVE TESTS FOR 
CONCRETE 


The ultrasonic-pulse method of assessing the 
quality of structural concrete is becoming 
better known and during the past year equipment 
has been manufactured commercially to designs 
prepared by the Laboratory. Research has 
been devoted to the pulse-reflection technique 
for testing concrete-road slabs in situ. The 
National Physical Laboratory has collaborated 
in some of this work and has developed a barium- 
titanate transducer which will give adequate 
reflections for testing road slabs provided that 
the underside of the slab is sufficiently even. 
Barium titanate gives better electro-mechanical 
coupling and a much higher damping coefficient 
than the quartz crystals formerly used. Because, 
however, of the technical difficulties associated 
with the pulse-reflection technique, other methods 
of testing road slabs in situ are being explored. 

Where the compressive strength of concrete 
is found by crushing cylinders or cubes, it has 
been observed that different testing machines 
give consistently different results (by as much as 
10 per cent.), though they give agreement when 
calibrated with proving rings. These differences 
are sufficient for concrete to be deemed acceptable 
after tests on one machine but rejected by 
another. The causes are now being examined. 
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DIESEL-ENGINED ROAD 
VEHICLES 


Fuel Consumption and the 
User’s Needs 


*“Some Factors Affecting Fuel Consumption ” 
was the title of a paper presented by Mr. W. T, 
Skinner, A.M.I.Mech.E., chief engineer of the 
Eastern National Omnibus Company, before a 
meeting of the Institute of Road Transport 
Engineers recently. He emphasised the import- 
ance of his subject by stating that the price of 
petrol and fuel oil for road vehicles had risen 
by about 45 per cent. in the last three years. 
Compared with the immediate pre-war years the 
total increase was 250 per cent. 

The author supported the increasing use of 
Diesel engines and stated that practically all 
present-day vehicles of six tons unladen weight 
and over were powered by this type of engine. 
The fact that a preference still existed for petrol 
engines in lightweight vehicles was due primarily 
to reduced engine vibration and their low initial 
cost but, he pointed out, the oil engine soon 
repaid its extra cost. 

His company, he said, had a few 35-seat light- 
weight vehicles of the chassisless type. When 
new, they were fitted with petrol engines and 
returned a fuel average of 10°7 miles per gallon. 
After conversion to oil engines the average was 
22-8 miles per gallon. The mileage of each 
vehicle was about 800 per week, and on this basis 
the cost of conversion was saved in 19 months. 

Correct design could in many ways reduce the 
fuel consumed and help in saving costs. Some of 
the slower engines, he suggested, might safely 
have their running speeds increased without 
sacrificing reliability and thereby improve their 
power-weight ratio. The use of low-viscosity 
oils was now accepted practice. There was a 
need for some arrangement whereby the lubrica- 
tion system could be quickly warmed. Such 
arrangements had been standard practice in 
cooling-water circuits for some time. 

Good volumetric efficiency was also of great 
importance. To help in achieving this, the air 
intake should be arranged to draw air from 
outside the bonnet rather than the warm air 
surrounding the engine which, in the summer, 
could attain temperatures as high as 120 deg. F. 
One manufacturer had confirmed that for every 
10-deg. rise in inlet temperature above 60 deg. F. 
there was a falling off in power of 2 per cent. 

The cost of an overdrive transmission on a new 
vehicle represented very little increase compared 
with the price of the vehicle, and under favourable 
conditions the cost might well be repaid many 
times. The operator interested in refinements 
should, however, ensure that he had a rear axle 
suited to his needs. Then he might expect a 
dividend exceeding 5 per cent. of the fuel bill. 

Since the war, vehicle weights had increased 
due to larger engines and heavier chassis frames. 
Now, lightweight bodies made from alloys were 
reducing the final weight. Research with double- 
deck vehicles of this type had shown an improved 
fuel consumption of 2 per cent. (based on a mean 
average of 10 miles per gallon) for a saving of one 
ton in weight. Mr. Skinner recommended 
light-weight vehicles because they gave a saving 
in tyre wear, perhaps a saving in depreciation and, 
to the haulier, there was the possibility of 
increased pay-load. 

He also made reference to synthetic oils, 
the effects of natural and synthetic rubber tyres, 
and the training and selection of crews. The 
principle of permanently allocating a particular 
vehicle to a man was usually more than worth- 
while as it promoted a sense of pride and interest 
often reflected in improved fuel averages. 
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Fig. 1 The universal testing machine of the 
Association des Industriels de Belgique assembled 
for an endurance test on a _ concrete-encased 
steel beam of 45-ft. span. The load is applied by 
hydraulic jacks working between the test beam 
and auxiliary frames which are firmly bolted to 
the floor of the test house in positions te suit 
the work in hand. 





Fig. 2 A rolled-steel joist being subjected to alternating stresses by applying a constant load and Fig. 4 Clamping units used to fix the auxiliary 
superimposing an opposing fluctuating load. The hydraulic pulsator and the pendulum dynamometer frames anywhere on the test floor. 
and other auxiliary equipment are shown in the foreground. 


po a 


, Fig. 6 This device is used for locating the jacks on the 
Fig. 5. A selection of the hydraulic jacks ranging from 1 ton to 50 tons capacity. flange of an auxiliary frame or beam. 
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TESTING MACHINE FOR 
LARGE STRUCTURES 


APPLICATION OF STATIC AND 
DYNAMIC LOADS 


HE equipment called Grande Installation Mécanique pour Essais de Durée, 
and conveniently referred to as G.I.M.E.D., is a universal testing machine 


belonging to the Association des Industriels de Belgique (A.I.B.). 


It has been 


designed for testing large structures or sub-assemblies for endurance under either 
static or dynamic (pulsating) loading, by providing the necessary equipment to erect 
from standardised units a suitable test-rig about the structure to be loaded. The basis 
of the installation is a heavily reinforced concrete floor having a system of built-in 
anchor points to which the members of testing frames, loading units (hydraulic jacks), 
scaffolding and other equipment may be fixed; auxiliary equipment enables the loads 
to be applied at any point of the structure and in any direction. 


The loads may be applied directly in tension or 
in compression, or be used to generate bending or 
torsion moments, or combinations of each; the 
forces may be applied statically, when the limit 
on any given load is 300 tons vertically or 
50 tons in any other direction, or dynamically, 
when the load is limited to 100 tons vertically or 
50 tons in any other direction and such loads 
may be applied at a frequency of either 250 or 
500 cycles per minute. The limitations for 
static loads apply only if the loads are concen- 
trated at one point of the floor; if they are 
distributed, they can be materially increased. 

The A.I.B. is a non-profit-making organisation 
sponsored jointly by Industry and by the Govern- 
ment in Belgium and having as its main object 
the investigation of safety in industry; the 
motto of the Association, prévenir vaut mieux 
que réparer (prevention is better than cure) 
expresses the spirit behind the work of the 
Association, which has a long record of full- 
scale testing to its credit. 


BASIC ARRANGEMENTS 


The installation described in this article 
represents a complete generalisation of the 
principle of the conventional testing machine. 
Such a machine consists of a frame which has 
to take up the reactions to the test loads, a loading 
unit and a weighing unit. For generating loads 
of a few tons and upwards, the use of hydraulic 
units incorporating an oil cylinder and piston is 
now almost universal. Similarly, the weighing 
unit is generally a hydraulic load indicator, the 
best-known of which, for precision work, is the 
pendulum dynamometer. Suitably designed, the 
loading units can be used not only for static 
tests but also, when connected to a hydraulic 
pulsator, for dynamic tests. 

To overcome the limitations imposed by the 
size of the conventional testing-machine frame, 
the G.I.M.E.D. loading unit has been separated 
from its frame and is used with a suitable rig 
so that, instead of putting the specimen into the 
machine, the machine is built around the 
specimen. For a permanent laboratory this 
afrangement has been achieved by the construc- 
tion of a strong test-house floor which permits 
the anchoring of the test specimen as well as of 
the framework and which is strong enough to 
take up the reactions of the test loads. The 
Princial characteristics of this installation are 
that it 's sufficiently large to enable many full-size 
struct. ses to be tested and that the loads can be 
applic in practically all directions in space. 
Such ists are of particular value in aiding the 
develo ment of prototypes of structures which 
are to ve built in large numbers at a later date 
such 2:, for example, towers for high-tension 
Power ines and very large beams. 


The forces applied to the structure under test 
are measured by pendulum dynamometers in the 
case of static tests and by precision gauges 
mounted on pulsators in the case of dynamic 
tests. Strains are measured by both mechanical 
and electrical resistance strain gauges, the latter 
being of particular value in dynamic testing. 


ACCOMMODATION AND EQUIPMENT 


G.I.M.E.D. is housed in a laboratory hall 
having a floor space of 85 ft. by 59 ft. and a height 
of 33 ft. An overhead travelling crane of 10 tons 
capacity serves the full extent of the floor. The 
floor is of reinforced concrete and has a thickness 
of 5 ft. Extremely rigid frames and girders are 
available to support the specimens as well as 
the jacking units and to transmit the reactions 
to the test floor. Specially designed bolts are 
used to clamp these frames and girders to the 
floor. 

At the time of installation, 23 hydraulic jacks 
were available, each having a working capacity of 
between 1 and 50 metric tons. These jacks are 
used solely for applying loads to the specimens; 
for other purposes or where larger forces are 
required such as, for example, the pre-tensioning 
of the anchor bolts or for clamping specimens 
securely to resist reversible loading, a number of 
standard hydraulic jacks are used, which have 
capacities up to 150 tons. The correct location 
of the jacks and their use in combination for both 
static and dynamic tests is made possible by a 
large number of articulated steel tubes and 
distributors, which ensure a common supply of 
oil under pressure. 

Equipment also available for use includes — 
two pendulum dynamometers for measuring 
loads in static tests; two hydraulic pulsators, 
which can be used either independently or coupled 
together so as to work synchronously when 
making dynamic tests with repeated or fluctuating 
loads (where the sign of the load does not change 
during test); and two pneumatic-hydraulic 
accumulators for carrying out fatigue tests with 
alternating stresses (where the sign of the load 
does change during the course of each loading 
cycle); together with an assortment of mechan- 
ical and electrical gauges as well as the ancillary 
apparatus to cope with any likely measuring 
problems. 

The dimensions of specimens that can be 
accommodated depend largely on the kind of 
test to be carried out, but a very good idea of 
the size of beams which may be tested, as well 
as an impression of two typical test rigs, can be 
gained from Figs. 1 and 2, opposite. It will be 
clear that by judicious selection and location of 
the jacks and other equipment, the specimens 
to be tested can be subjected to a great many 
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combinations of tensile, transverse, compressive 
or torsion stresses, both static and dynamic, the 
latter being either fluctuating or alternating. 

One of the more difficult problems in the 
establishment of G.I.M.E.D. was the design of 
an extremely rigid floor and the means of 
anchoring the specimens, the supporting frames 
and the beams as rigidly as possible to the floor. 
The rigidity of these connections is of particular 
importance when carrying out dynamic tests if 
the whole of the travel of the jacks is to be used 
for obtaining deformations of the specimens 
without being diminished by secondary deforma- 
tions of the testing frames. 

The anchor bolts are prestressed with a load 
of 65 tons and, as the dynamic loads are always 
less than this, the relative rigidity of the con- 
nections made by these bolts is extremely high. 
The horizontal components of the test loads are 
taken up by the anchor bolts and by the rein- 
forcing net (in which rods perpendicular to each 
other are welded together) and by straps, 1 in. 
thick, welded to the liners of the anchor-bolt holes. 


AUXILIARY FRAMES AND BEAMS 


The auxiliary frames and beams have been 
designed to resist any combination of test loads 
without major deformation, and two of the frames 
and one of the beams are to be seen in Fig. 2. 
Initially there were six of these auxiliary frames, 
each about 20 ft. 4 in. high, and four auxiliary 
beams, each about 30 ft. long, together with an 
assortment of smaller beams and frames. 

The manufacture of the frames was com- 
plicated by the close limits that were specified, 
so that the methods of the machine shop rather 
than those of steel erectors had to be adopted. 
Most of the frames and girders were fabricated 
from H-girders 30 in. or 40 in. in depth, rein- 
forced by stiffeners welded to the web. All 
the holes had to be drilled within very fine limits 
so that anchor bolts, as well as fastenings for 
the hydraulic jacks, can be accurately aligned. 
In order that the frames can be located in any 
position between the holes in the floor the clamp- 
ing unit illustrated in Fig. 4 has been provided. 

An anchor bolt is shown in Fig. 3, which shows 





Fig. 7 The pendulum dynamometer used for 
measuring the loads developed by the jacks. 








752 





Fig. 8 The articulated coupling in the steel tubes 

of the oil-distributing system, which has to with- 

stand pressures of 2,900 lb. per square inch 
without leakage. 


the special form of the bolts as well as of the nuts. 
The positioning device for the hydraulic jacks is 
shown in Fig. 6, which clearly shows the method 
employed to position the jack between fixing 
holes in the frames or beams and of the method 
used for bringing the line of action of the jacks 
into the directions required by the test. By 
making combined use of the system of holes in 
the test floor, the unit shown in Fig. 4, and the 
positioning device shown in Fig. 6, it is possible 
to apply different loads by means of the hydraulic 
jacks at any point and in any direction simul- 
taneously. 


HYDRAULIC JACKS 


The 23 hydraulic jacks which initially belonged 
to the installation comprised one of the maxi- 
mum capacity of 50 tons, two of 25 tons each, 
four of 10 tons each, four of 5 tons each, four of 
2 tons each and eight of 1 ton each. A group of 
these hydraulic jacks is shown in Fig. 5, page 750. 
In the cylinder of these hydraulic jacks lapped 
pistons without packing slide with practically no 
friction, the very close clearance between the 
piston and the cylinder permitting, however, 
the formation of a very thin film of oil which 
lubricates the sliding parts. The bottom of the 
cylinder is carried in a spherical seating on the 
baseplate, by which the jack is attached to an 
auxiliary frame or beam. The piston itself is 
designed as a screw jack, which carries a spheric- 
ally-seated compression platen. By screwing 
threaded extension arms of various lengths into 
the piston, the compression platen can be brought 
into contact with specimens of widely varying 
dimensions without displacing the entire jack or 
making full use of the hydraulic stroke solely 
for this purpose. 

Due to the spherical seatings of both the 
cylinder and the compression platen, no lateral 
forces can act on the hydraulic jack and edging 
of the piston in its cylinder is prevented. The 
outer end of the piston carries a shield and a 
protecting jacket, which extends towards the 
bottom of the cylinder and surrounds the latter 
in order to prevent contamination of the sliding 
surfaces by dirt. A ing is fixed to the base of 
the cylinder and is connected to the shield by 
uniformly-spaced retraction springs which draw 
the piston back to its initial position when 
unloaded. For short strokes the influence of 
these springs on the indicated load is negligible 
and for longer strokes the influence can easily 
be taken into account. 

As mentioned above, no packings are used and 
so, at the working pressures involved (about 
2,900 Ib. per square inch), seepage of oil between 
the sliding suffaces is inevitable and, for the 
purpose of lubrication, even necessary. The 


oil thus escaping from beneath the piston is 
collected in an annular space in the cylinder, 
from where it returns by gravity or is pumped 
back to the oil container. The standard stroke 
of the piston has been set at 5 in. (125 mm.) 
which is sufficient in practically all cases. All the 
jacks are designed for use in both static and 
dynamic tests and they can be used to work in 
any direction if the appropriate means of position- 
ing are utilised. 


JACK-LOCATING DEVICE 


Up till now, most tests with the aid of hydraulic 
jacks have been carried out with all the forces 
acting parallel to each other, usually vertically 
and frequently in one plane. To make possible 
a multi-directional application of loads at 
several points on a three-dimensional specimen 
or model, a special locating device has been 
designed for use with the jacks. This is shown in 
Fig. 6, on page 750, where it is shown on a 
horizontal girder in a standing position, that is, 
working upwards. The support at the left is 
bolted to the girder and the threaded spindle 
extending from this member to the right is used 
for positioning the hydraulic jack along the 
girder. The lower spherical seating of the 
cylinder is removed and the cylinder is mounted 
on a base which can be swung in the same plane 
as the girder itself. The axis around which this 
base can swing is hollow and contains a torsion 
spring, one head of which is fixed to the base 
and the other head to the lever seen at the bottom 
of the hydraulic jack. By means of this lever 
and the threaded spindle seen at the right, the 
jack can be set into any angular position in the 
plane of the girder and it can also swing a small 
amount to the right or to the left of this position, 
owing to the flexibility of the torsion spring. 
The base can also swing out of the plane of the 
girder by a small amount as it is not rigidly 
connected to the torsion spring but is connected 
by a trunnion block and a pin set at right angles 
to the spring, so replacing the spherical seating 
by a form of universal joint. The jack is thus 
held securely in the required position but it is 
still able to align itself with the load, thereby 
preventing “‘ edging” of the ram in the cylinder. 


PENDULUM DYNAMOMETER 


As a load-measuring unit, the pendulum 
dynamometer has proved its reliability in the last 
50 years and is now widely used all over the 
world. Fig. 7, on page 751, shows the model 
used in the present installation. All the com- 





Fig. 9 A connection between two pulsators arranged in series to give a combined capacity sufficient 
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ponents of the dynamometer, with the exceptic 1 
of the pendulum itself, are housed in a shec’- 
metal case. 

The principle of the pendulum dynamomet:r 
may be briefly outlined as follows. The same 
hydraulic pressure which acts upon the pistcn 
of the hydraulic jack also acts on a measuring 
piston of smaller cross-section, and this force, 
acting on the measuring piston, is transmitted to 
one arm of a bell-crank lever. The other arm of 
this lever is designed as a pendulum which is 
deviated from its original vertical position until 
its static moment balances the moment produced 
by the first arm and the force acting upon the 
measuring piston. If the ratio of the two piston 
cross-sections is known, the actual load upon the 
specimen can be calculated. In practice the load 
can be read directly from a load-indicating 
pointer, and at the same time the stylus of a 
recorder can be actuated by means of a pinion 
and rack. 

The housing of the pendulum dynamometer 
contains the high-pressure oil pump with its 
delivery regulator and release valve. The pump 
is of the multiple-piston type, adjustable accord- 
ing to the delivery desired. Oil is fed under 
pressure to the hydraulic jack through the 
delivery regulator which maintains, by its special 
construction, a constant flow of oil for a given 
setting of the needle valve, regardless of the 
pressure in the jack. This is made possible by 
creating a constant differential pressure between 
inlet and outlet of the needle valve. The flow of 
oil to the jack is infinitely variable from zero 
to the maximum. By equipping the pendulum 
dynamometer with a hydraulic load maintainer 
the load on the specimen can be held constant 
for any length of time. 


HYDRAULIC PULSATOR 

For dynamic tests, the hydraulic pulsator, 
shown in the lower left-hand corner of Fig. 2, is 
used. In principle, this pulsator is a piston 
pump with an infinitely-variable stroke. With 
each stroke of the pump a certain additional 
quantity of oil is forced into a hydraulic jack 
in which the pressure already corresponds to the 
minimum load. By the addition of this oil 
from the pulsator, the load is built up to a 
maximum value which depends upon the length 
of the pulsator stroke. Thus, a sinusoidal load 
variation between the maximum and the mini- 
mum value can be produced, both of which are 
infinitely variable between zero and the maximum 
capacity of the jack. 


to service a group of jacks. 
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A special pressure transmitter connects the 
liydraulic jack to the maximum and minimum 
load gauges on the pulsator; these gauges are 
calibrated directly in terms of load. The 
pulsator is self-contained, having its own electric 
drive as well as the necessary equipment for 
maintaining a constant minimum pressure and 
contacts which automatically stop it when the 
maximum or minimum load falls below a certain 
pre-set value. The pulsating frequency is 
250 or 500 cycles per minute. If the number of 
hydraulic jacks is too great for one pulsator, a 
second can be connected to the first (as shown 
on Fig. 9) with a chain coupling inserted between 
the two to ensure synchronism. 

Both the pendulum dynamometer and the 
pulsator are fitted with convenient hooks so 
that they can easily be moved about with the 
help of the overhead travelling crane. 


OIL-DISTRIBUTING EQUIPMENT 


In order to obtain maximum flexibility to the 
equipment, special articulated steel tubes had 
to be designed as conventional pressure hose 
does not stand up to the demands that would be 
made on it. Such a connection is shown in 
Fig. 8. Individual sections are 40 in. long 
and either have straight ends or end in an 
elbow. The sections are connected either by 
threaded sleeves or articulated couplings, and 
with the aid of the latter, two neighbouring 
sections can be set at any desired angle to 
each other. By suitably choosing tubes, sleeves 
and couplings, practically any alignment of tube 
can be assembled. Special attention was paid 
to the packings, which not only have to withstand 
constant pressures up to a maximum of about 
2,900 Ib. per square inch, but which have to 
remain leakproof under the influence of varying 
pressure. 

If only one hydraulic jack is being used, 
it can be simply connected by articulated tubing 
to the pendulum dynamometer or the pulsator. 
If, however, two or more jacks are being used 
simultaneously, a distributor (of the type shown 
in Fig. 9) is needed. This can be used either 
as a separate unit or can be incorporated directly 
in the pulsator. Fig. 9 shows the top of two 
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Fig. 10 Diagrammatic arrangement of the 
apparatus as used in a static test. 


pulsators equipped with distributors and con- 
nected to each other. A distributor usually has 
nine connections for articulated tubes and one 
connection leading to the pendulum dynamo- 
meter or the pulsator. An oil container, 
which can be turned under each connection 
point, is mounted on the distributor and collects 
the oil spilt during the coupling operation. The 
connections not in use are closed by screw-plugs. 


ACCUMULATORS 


With the equipment both static and fluctuating 
loads can be imposed upon the specimen 
directly. To produce alternating stresses the 
simple superposition of stresses is used, that is, a 
constant stress is imposed upon the specimen 
and, at the same time, a fluctuating stress. The 
algebraic sum of the two gives the actual stress 
at any moment. To produce the constant stress 
a hydraulic jack connected to an accumulator is 
used. This accumulator is a pressure vessel 
partly filled with oil and partly with a compressed 
gas, the pressure of which determines the load 
exerted by the jack. 

If, for example, alternating stresses are to be 
set up in a horizontal beam by three-point bend- 
ing between loads of + 25 tons, the hydraulic 
jack connected to the accumulator should exert 
a constant load of 25 tons on one side of the 
beam. From the opposite side a second jack 
is brought to bear upon the beam with a load 
fluctuating between zero and 50 tons. When this 
fluctuating load equals zero, the beam is bent 
to one side by the load of 25 tons from the first 
jack. When the load from the second jack 
reaches 25 tons, it neutralises the effect of the 
first jack and the beam is then in the no-load 
position (only bending stresses are considered; 
secondary local compression are usually neglig- 
ible). As the load of the second jack increases 
from 25 to 50 tons, the beam is bent in the 
opposite direction by the resulting load increasing 
from 0 to 25 tons. As the load in the second 
jack decreases again, the beam runs through the 
load cycle in the opposite direction. 


TYPICAL TEST RIGS 


The arrangement adopted for static tests is 
shown diagrammatically in Fig. 10 on the left. 
The pendulum dynamometer, denoted by a, 
is connected to the distributor c by a tube b 
which can be either a rigid tube or an articulated 
one. From the distributor, articulated tubes d 
lead to the hydraulic jacks e. An electrically- 
driven oil pump f collects by means of an oil- 
proof hose g the oil accumulated in the interior 
of the hydraulic jack and transfers it to the oil 
container of the pendulum dynamometer. 

Fig. 11 on the right shows diagrammatically 
the hydraulic jacks arranged for dynamic tests. 
The distributor b is either built directly upon 
the pulsator a or placed near to it and connected 
to the pulsator by the tube. Once again arti- 
culated tubes c go from the distributor to the 
hydraulic jacks d and accumulated oil is trans- 
ferred to the pulsator by the pump e and the 
oil-proof hose f. A pressure transmitter g is 
connected to one of the hydraulic jacks and the 
maximum and the minimum loads can be read 
on the gauges h. These loads are adjusted by 
means of the hand cranks j. 
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FILM ON PRESTRESSED 
CONCRETE BEAMS AND FLOOR 
SLABS 


An interesting and instructive film illustrating 
the use of precast prestressed concrete beams and 
floor slabs has been prepared by Concrete Limited, 
16 Northumberland-avenue, London, W.C.2. 
Examples of completed buildings in which pre- 
stressed concrete floors have been used are first 
shown and these are followed by a series of 
animated diagrams illustrating the principles of 
design in an effective manner. Some interesting 
tests of beams and slabs are then shown to enable 
the relative strengths with plain and prestressed 
reinforcement to be compared. The manufac- 
ture of prestressed floor beams in one of the firm’s 
factories is illustrated and explained and the 
film concludes with an animated diagram showing 
how a typical saving of 15 per cent. in the 
direct cost of prestressed concrete in comparison 
with ordinary reinforced concrete is made up. 
It is a 16-mm. film with sound track and runs for 
25 minutes. The film may be borrowed, with 
projection equipment and operator if desired, 
from Sound Services Limited, 269 Kingston- 
road, London, S.W.19, or from Concrete 


Limited at the address given above. 
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The Falkirk Works of the British Aluminium Company Limited 


PRODUCTION OF ALUMINIUM PLATE 
AND SHEET 


1—THE MAIN ROLLING MILLS 


The Falkirk works of the British Aluminium 
Company, Limited, originated as a war-time 
producer of aircraft material. In 1942 the 
Company, acting as agents for the Ministry of 
Aircraft Production, undertook the planning 
and erection of a light-alloy plant in Scotland 
for the production of aircraft strip and sheet 
up to a finished width of 4 ft. The plant was to 
serve the air-frame factories in Scotland and 
north-west England, and instructions were 
given to seek a site somewhere between Glas- 
gow and Edinburgh. The site chosen was about 
one mile north of the centre of Falkirk, which is 
roughly half-way between the two cities men- 
tioned. 

Several factors influenced this choice. The 
town of Falkirk was able to supply a certain 
amount of labour, adequate supplies of process 
water were available from the Forth and Clyde 
Canal, and there was in existence a mineral 
railway line which passed immediately to the 
south of the site. Available supplies of electric 
power were barely sufficient, but developments 
were planned which were more than adequate 
to meet foreseeable requirements. In addition, 
the land, although it required some levelling, 
had good load-bearing properties, and it was 
possible to design to a loading of 3 tons per 
square foot. The site was acquired in 1942, 
and building and equipping proceeded so rapidly 
that the factory was officially opened in June, 
1944, though it had actually been in production 
for some time previously. The original require- 
ments of the Ministry had been changed during 
the construction period and now called for the 
production of sheet and strip up to 6 ft. in 
width. 

At the conclusion of the war, the company 
acquired the factory from the Ministry of 
Supply, who then owned it, and put in hand plans 
for adapting and expanding the plant to meet 
the needs of home and overseas markets. The 
factory then comprised 14-5 acres of buildings, 





Fig. 1 Blocks for rolling“are cast on a semi- 
continuous casting machine. 


standing on a site of 49 acres. Subsequent 
developments have increased the site area to 
55-5 acres, and that of the buildings to 21 acres. 
At the time when the factory changed hands the 
principal production units were: a remelting 
shop for the preparation of rolling blocks, and 
hot and cold-rolling mills, with the necessary 
ancillary equipment for sheet and plate finishing 
and heat treatment. The second stage of de- 
velopment, initiated by the company in 1947, 
involved the addition of new cold-rolling and 
finishing plant for the production of thin sheet 
up to 3 ft. finished width. 


FACTORY BUILDINGS AND SERVICES 


The buildings are, in the main, steel-framed 
structures, aluminium or R.P.M. sheeted, with 
a 9-in. brick dado wall skirting all production 
blocks. The exceptions to this rule include some 
of the special-purpose subsidiary buildings, such 
as electricity substations, pump and boiler houses, 
which are of brick or reinforced concrete; both 
these materials are used in some of the buildings. 
The most interesting of the exceptions is a build- 
ing erected as an extension to the remelting shop, 
under the stage 2 development scheme. This is 
a single-span aluminium alloy structure 110 ft. 
by 125 ft., with riveted box-section stanchions, 
and aluminium alloy sheeting and roof lights. 

A self-contained building on the south side of 
the main stage 1 block houses three Cochran 
“*Sinuflo” induced-draught super-economic 
boilers, each 11 ft. 9 in. in diameter and 15 ft. 8 in. 
long over the tube plates, which provide high- 
pressure hot water for space heating and low- 
temperature process heating. The boilers are 
equipped with Hodgkinson low-ram coking-type 
stokers, which are designed to burn local slack 
coal at a maximum rate of 2,240 Ib. per hour per 
boiler. Overhead bunkers, with coal elevators 
and conveyors, serve all three boilers. The high- 
pressure hot-water system operates at a pressure 
of 120 Ib. per square inch, the temperature being 
320 deg. F. Space-heating flow and return 
mains are fed from two 55-h.p. centrifugal pumps, 
each having a capacity of 970 gallons per minute 
against a total head of 107 ft. Unit heaters of 
the fresh-air intake or re-circulating pattern are 
coupled across the flow and return mains at 
points throughout the works. Independent flow 
and return mains are provided for supplying 
process and canteen heating requirements during 
the summer months, when space heating is not 
required, and only one boiler is in use. These 
mains are served by a pump having a capacity 
of 410 gallons per minute, against a head of 85 ft. 
Calorifiers are installed to provide canteen and 
domestic hot water from the high-pressure hot 
water mains. 


CANAL WATER FOR PROCESS WORK 


Process water is drawn from the nearby Forth 
and Clyde Canal, which lies to the south of the 
works. Four 85-h.p. pumps, each having a 
capacity of 1,500 gallons per minute against a 
delivery head of 120 ft., are installed in a pump- 
house on the canal bank, and draw the water 
through a self-cleaning filter, delivering it into a 
ring-main, which encircles the factory and serves, 
not only the process demands, but also the fire- 
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hydrants. As a war-time measure a connection 
was made with the town water mains, and any 
fall in pressure in the canal water admits town 
water automatically to the ring main. Canal 
water after use passes to a common drainage 
flume, from which it is lifted into the canal by 
float-controlled pumps of 374 h.p., 50 ft. head, 
and 1,500 gallons per minute capacity. About 
44 million gallons of canal water are circulated 
daily. A separate ring main supplies town water 
for drinking purposes, and also for a few other 
points where clean water is essential. 

The electricity supply is drawn from the 
Bonnybridge Power Station of the British 
Electricity Authority, and is transmitted at 22 kV 
over two independent feeders. A _ standby 
service for emergency purposes is provided by a 
small 6:6 kV supply from Falkirk Burgh net- 
work. Main transformation down to 6°6 kV 
takes place on two 10 MVA transformers, the 
switching at the factory being confined to the 
6°6 kV side. The main switchboard, com- 
prising 250 MVA oil circuit-breakers, is designed 
ultimately to serve a double ring main with 
facilities for interconnection, and the network 
at present feeds a total of six substations dis- 
posed around the plant. Hot-mill and strip- 
mill main supplies are at 6-6 kV, direct from the 
substation boards or ring mains, and general 
factory alternating-current service is supplied 
by thirteen 1,250 kVA, 6°6 kV/415 V_ step- 
down transformers. Direct current is also avail- 
able for general factory service from two mercury- 
arc rectifiers, each of 500 kW rating. 


WIDE RANGE OF PRODUCTS 


The output of the Falkirk works consists of 
aluminium and aluminium alloy-plates, sheets 
and coiled strip from 4 in. thick or more to as 
little as 0-008 in. thick, and in various widths. 
The size limit adopted in classifying plate and 
sheet is 0-253 in.; and material thicker than this 
is described as plate. The mills are capable of 
producing plate of any size up to a maximum of 
30 ft. by 6 ft., subject to a piece-weight limit of 
1,800 Ib. Plate is rolled in various purities up 
to 99-8 per cent., and with additions of mag- 
nesium and other elements to produce medium- 
strength and strong alloys as required. Sheets 
and coiled strip, which range in thickness from 
0-252 in. to 0-008 in., can be rolled up to 6 ft. 
wide by 21 ft. long in the case of sheets, and 54 in. 
wide by 0-128 in. thick in the case of coiled 
strip; the latter has a weight limitation of 
2,000 Ib. per coil. 

All the available aluminium and alloy are 
produced as sheets and coiled strip, and, in 
addition, sheets can be produced in various 
finished forms. These include roofing and siding 
sheets in mansard and trough corrugations, as 
well as standard 3 in. corrugations. Folding- 
press plant is provided for forming sheets as 
roofing specials. Alocrom chemical and em- 
bossed finishes are available on sheets, and there 
are facilities for etch-priming by a spraying 
process, to improve corrosion resistance and 
provide a base for painting. Grease-free or 
oiled sheets can be produced, and there is a 
mechanised line for the anodising of strip up to 
24 in. wide. 


OIL-FIRED MELTING FURNACES 


The first stage in the production at Falkirk 
is the melting of ingots and factory scrap, and 
the casting of the metal into rolling blocks, 
seen in Fig. 1. This is done in the remelting 
shop, the major part of which was included in 
the stage 1 development. It is 470 ft. long by 
300 ft. wide, the northern 120 ft. being an exten- 
sion under the development scheme. The shop 
houses twelve fixed-hearth furnaces, built by 
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Fig. 2 A sample is taken from every block as it is cast, and analysed in the direct-reading 
spectrographic Quantometer. 


Priest Furnaces Limited, and operating in the 
temperature range 700/770 deg. C. Six of the 
furnaces have a capacity of 10 tons, while the 
remaining six are of 134 tons capacity. They are 
disposed in two lines of six, with a common 
chimney bay between them, which is also used 
for the extraction and transport of furnace 
skimmings. The furnaces are equipped with 
needle-element recuperators, and are fired with 
fuel oil, three Laidlaw Drew medium-pressure 
burners being provided for each furnace. Pre- 
heating hearths, which are swept by the products 
of combustion, are incorporated in each of the 
furnaces, and the metal charges are introduced 
into these hearths by electrically-driven screw 
pushers. Charges of ingots or baled scrap are 
brought to the furnaces by fork-lift truck, and 
elevated to the charging platform, where the 
pusher takes charge. Loose scrap and cuttings 
of the free-flowing type are charged either by 
skip-hoist or by portable inclined belt conveyors. 

Each of the melting furnaces operates in 
conjunction with a fixed-hearth holding furnace, 
of which there are also twelve. Six have a 
capacity of 5 tons, and operate with the 10-ton 
melting furnaces, while the remaining six are of 
7 tons capacity, and work with the 134-ton 
melting units. The holding furnaces are fired 
with scrubbed producer gas, from a battery 
of producers outside the building, which 
originally fired the melting furnaces also. Con- 
version of these units to oil firing took place 
in 1950, when additional plant was installed for 
block heating, and the gas capacity which was 
released was employed for this purpose. The 
molten metal from the holding furnaces passes 
to casting machines of the semi-continuous type, 
which are located in pits between each pair of 
holding furnaces, there being two casting 
machines in each pit. The machines, which were 
built by Glenfield and Kennedy, Limited, are 
hydraulically operated, and are capable of 
lowering and subsequently raising a maximum 
load of 34 tons at closely controlled speeds. 
Launders are provided to enable two casting 
mac ines to take metal from one holding furnace, 
or a'‘ernatively to allow each machine to work 
inde: endently with its associated furnace. Water 
for r ould cooling is drawn from the canal water 
ring--nain, and is returned to the drainage flume 
by © h.p. vertical-spindle pumps, each capable 
of dlivering 500 gallons per minute. There 


are two of these pumps in each casting pit. 
Rolling blocks up to approximately 2 tons in 
weight are produced in the casting machines, and 
they may be up to 10 in. thick, 48 in. wide, or 
11 ft. long, the actual weight and proportions 
being determined by the rolling requirements and 
the alloy being cast. 


AUTOMATIC SPECTROGRAPHIC 
ANALYSIS 


Routine analysis of the metal cast into rolling 
blocks is carried out by a Quantometer, supplied 
by the Applied Research Laboratories, Glendale, 
California, U.S.A., and shown in Fig. 2. This 
equipment, which is one of several installations 
in Great Britain, operates by direct-reading 
spectrographic methods. Samples are taken 
from each cast, and a disc is cut off and machined 
on one face. This is placed in the Quantometer, 
and an electric arc is struck. Photo-electric cells 
measure the spectrum intensities, and the output 
of each cell is integrated into a capacitor, the 
voltage of which is employed to provide a 
graphical record of the analysis. The equipment, 
which is housed in a temperature-controlled and 
air-conditioned building adjacent to the remelting 
shop, can deal with a total of 18 elements as 
occasion demands, and will analyse a sample in 
approximately three minutes. 

At the north end of the remelting shop is a 


Fig. 3 A special mill- 
ing machine, with hy- 
draulic clamping and 
automatic block turn- 
over gear, is used to 
prepare the major faces 
of alloy blocks for roll- 
ing. 
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block-preparation bay, to which the blocks are 
transported by overhead crane, fork-lift truck, 
or elevating platform truck. End-sawing and 
cutting is carried out on a battery of Noble and 
Lund table-type sawing machines, from which the 
blocks pass to roller conveyors. Blocks of pure 
metal and common alloy frequently require no 
further treatment, and are lifted off the roller 
conveyors for transport either to storage or 
direct to the rolling mills. Medium-strength 
and strong alloy blocks, however, require a 
scalping or machining operation on the major 
surfaces to prepare them for rolling, and for 
this purpose the roller conveyors lead to a 
battery of Holroyd vertical-spindle plano-milling 
machines. There is also a large milling machine 
in this bay specially designed for high-speed 
scalping of large blocks. Seen in Fig. 3, it was 
built by the Ingersoll Milling Machine Company 
of America, and has a horizontal spindle with 
an inserted-tooth cutter head, driven by a 
220-h.p. motor. The clamping of the block is 
hydraulic, and the machine has automatic block 
turn-over gear. The length of table travel, speed 
and depth of cut are set from the operating 
position, and the machine then works auto- 
matically. It is capable of handling blocks up 
to 16 in. thick, 5 ft. 3 in. wide, and 10 ft. long, 
and will take a single cut 3 in. deep over a block 
face 5 ft. 3 in. wide if required. Swarf is gen- 
erated by this machine at such a rate that 
continuous removal is necessary, and an inclined 
swarf elevator raises it to a chute leading to 
scrap bins, which are removed as required by 
elevating-platform trucks. 

The remelting shop also houses a Canning 
seven-spindle brushing machine, used for the 
surface preparation of pure aluminium cover 
plates, which are secured to the major faces of 
alloy blocks for the production of clad alloy 
plate and sheet. Equipment for treating scrap 
ready for remelting is also contained in the 
remelting shop. It includes guillotines for cutting 
up scrap sheet, automatic cutting machines for 
scrap strip, baling presses, and plant for treating 
furnace skimmings. 


HOT-ROLLING EQUIPMENT 


The works contain three hot-rolling mills, 
all of which were installed under the stage 1 
scheme. They are housed in a building 825 ft. 
long and 200 ft. wide. The rolling lines are at 
right angles to the block preparation plant at 
the north end of the remelting shop, and material 
flow is in two lines, from the re-heating furnaces 
at the east end of the rolling bay, to the mills, 
and thence to the cold strip mills. The hot 
mills are: number one, a 34-in. by 72-in. two- 
high reversing mill; number two, a similar mill, 
but 35 in. by 96 in.; number three, a 23 in. and 
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52 in. by 96 in. four-high reversing mill, which is 
in tandem with number two. 

Number one hot mill, which was supplied by 
the Brightside Foundry and Engineering Com- 
pany, Limited, has a pair of reversing rolls 34 in. 
diameter and 72 in. barrel length with 22 in. 
diameter necks, running in fabric bearings. It is 
driven by an electric motor rated at 0/2,000/ 
2,000 h.p. at 0/40/51 r.p.m., through a pinion 
stand with pinions of 36 in. pitch circle diameter 
and 3 ft. 6 in. face. Live-roller tables 70 ft. 
long are provided on each side of the mill, the 
rollers being 14 in. diameter and 5 ft. wide, of 
the hollow cambered type, pitched at 15 in. 
centres, and driven through shafts and bevel 
gears from six 50-h.p. motors, three on each 
table. A maximum of 10 per cent. speed 
variation between entry and delivery tables is 
available for draft compensation. At each end 
of the live-roller tracks there is a further length 
of 40 ft. of idle rollers. The entry table ter- 
minates in an 8 ft. guillotine shear, while at the 
delivery or western end there is a further 70 ft. 
of live rollers, terminating in a Head-Wrightson 
hot trimming and coiling line, which can handle 
strong alloy 4 ft. 6 in. wide by 3 in. thick. This 
line also incorporates a shear for cropping the 
leading and trailing blank ends. A scrap cutter 
deals with the hot edge trimmings and discharges 
them by conveyor and elevator into scrap bins 
for return to the remelting shop. 

The roll barrels and bearings are supplied with 
soluble oil for lubricating and cooling purposes 
from a pump having a capacity of 350 gallons 
per minute. Facilities are available for pre- 
heating the oil by high-pressure water coils on 
the process heating mains. Control of the 
coolant temperature when the mill is in operation 
is effected by multi-tube heat exchangers oper- 
ating off the canal water ring main. The mill 
accepts blocks up to 10 in. thick, and is equipped 
with electrically-operated pusher-type manipu- 
lators on both entry and delivery tables. Slip 
couplings are incorporated in the drives to the 
pushers, to operate when ‘the blocks are gripped 
between the blades. The manipulators are 
used for squaring the pieces during rolling, and 
for block turning for broadside rolling as 
required. The mill and hot coil lines are con- 
trolled from independent elevated pulpits. 


ELECTRICAL EQUIPMENT 


The electrical equipment for number one hot 
mill was supplied by the British Thomson- 
Houston Company Limited, and incorporates 
Iigner control, the main motor generator set 
being powered by a 2,000-h.p. slip-ring induction 


Fig. 4 Two-high 
reversing hot mill, 
with block discharger 
feeding the heated 
blocks from the fur- 
naces to the mill table. 


motor operating at 6-6 kV. Two direct-current 
machines, each of 850 kW 440 volts, make up 
the generating unit, and the set is equipped with 
a flywheel of 13 tons weight having a stored 
energy of 90,000-h.p. seconds at 1,000 r.p.m. 
The alternating-current driving motor operates 
under automatic slip regulation to ensure the 
maximum energy contribution from the flywheel 
during short-term peaks, since the mill motor 
is capable of frequent peak-load operation at 
twice normal full-load torque with a cut-out 
torque at 20 per cent. above this value. The 
mill motor is forced-draught ventilated through 
a Visco filter capable of dealing with 20,000 
cubic ft. of air per minute, while the units 
comprising the motor generator set are self- 
ventilating. The mill screw-down motors are 
rated at 50 h.p. and are designed for operation 
from a 440-volt constant-voltage supply which 
is normally provided by a motor generator set 
forming part of the hot-mill equipment. The 
current for these motors may, however, also be 
taken from the 440-volt direct-current shop 
service. 


GAS-FIRED RE-HEATING PLANT 
Number one hot mill is served by two pro- 
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ducer-gas fired pusher-type block re-heating fur- 
naces of Priest manufacture, each of which is 
sited on the south side of the mill with its centre- 
line parallel with the rolling line. The furnaces 
are 76 ft. in length and will handle blocks up to 
48 in. wide and 5 ft. long, mounted on edge in 
groups of two or three on fabricated steel skips 
which are moved through the furnace by a 
hydraulic pusher of 75 tons thrust fixed at the 
charging end. The furnaces are each equipped 
with two hot-gas fans for rapid recirculation of 
combustion products to ensure efficient heat 
transfer and equality of temperature throughout 
each block. The furnace door gear at both the 
charging and discharging ends is_ electro- 
hydraulically operated, and is interlocked with 
the operation of the hydraulic pusher. A dis- 
charging machine transfers the blocks by roller 
track to the mill table, and also extracts the 
empty skips, which are returned to the charging 
end of the furnace by means of a roller conveyor. 


HOT MILL FOR WIDE MATERIAL 


Number two hot mill is to the north of number 
one, the rolling lines being parallel. The mill 
is a two-high reversing unit with rolls 35 in. dia- 
meter by 96 in. barrel length. It was originally 
ordered as identical with number one mill, but in 
order to meet the requirements of war time, it 
was widened to handle material up to 6 ft. finished 
width. The equipment of the mill, including 
the electrical drive, is therefore the same as that 
on number one. The driven roller tables, of 
which there are 40 ft. lengths adjacent to the 
entry and delivery sides of the mill have a face 
width of 7 ft., but the drives are the same as those 
on the mill previously described. On the entry 
side the table terminates in a 50-ft. length of idle 
rollers, while on the delivery side the table forms 
a common unit with the entry table for number 
three mill. Number two mill is seen in Fig. 4. 

The block re-heating furnaces serving number 
two mill are three in number, and are installed on 
the north side of the mill with their centre-lines 
parallel with it. The furnace nearest to the mill 
is of Priest manufacture, and is similar to the 
furnaces serving number one mill, except that 
it will accommodate blocks up to 8 ft. in length. 
It is of the pusher type with a 51-ft. hearth. 
The remaining two furnaces each have a hearth 
length of 51 ft., and are of the pusher type, capable 





Fig. 5 Four-high reversing hot mill, with the control pulpit in the foreground. 
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f accommodating blocks 10 ft. long. These 
iurnaces have been installed in the last 18 months, 
ind form part of the stage 2 development. 
They were built by Gibbons Furnaces Limited, 
and are equipped with electrically-operated 
screw-type pushers of 100 tons capacity. All 
three furnaces are fired with producer gas. At 
the discharging end the furnaces are served by a 
common overhead block-discharging machine of 
10,000 lb. capacity, supplied by the Wellman 
Smith Owen Engineering Corporation, Limited. 
Furnace discharge door operation is initiated 
directly by this machine, which deposits each 
block on a powered track serving the mill table. 
The arrangement of feed track permits the turning 
of the block on the mill table if initial broadside 
rolling is not required. 


FOUR-HIGH HOT MILL 


Number three hot mill, which operates in 
tandem with number two mill, is of the four-high 
reversing type having rolls 23 in. and 52 in. 
diameter by 96in. barrellength. Seen in Fig. 5, it 
was built by Davey and United Engineering 
Company, Limited, and is equipped with Timken 
bearings on the work rolls, and ‘“ Morgoil ” 
back-up roll bearings. The drive from the 
motor is through a pinion housing having pinions 
25:6 in. pitch circle diameter and 60 in. face 
width. The roll-changing arrangements on this 
mill include a motorised sledge for the extraction 
of the complete roll and chock assembly, which 
operates in conjunction with hydraulic jacks 
built into the mill housings for loading the 
assembly on to the drawing bars. 

The mill is capable of accepting blocks up to 
8 in. thick, though it is normally operated on 
blanks which have been partly broken-down on 
number two mill. In common with the other 
two hot mills in the works, this mill is equipped 
with an independent soluble cooling-oil circula- 
tion system. The screw-down gear on number 
three mill has a gear ratio and screw pitch which 
give a maximum screwing speed of approximately 
13 in. per minute as against the speed of 36 in. 
per minute on the two-high mills. This permits 
accurate gauging when the mill is employed on 
the hot finishing of plate, which is carried out on 
number three mill in addition to normal second- 
stage hot-rolling duties. It is also possible to 
pass a plate which has been rolled on number 
two mill straight through number three mill 
when necéssary, without any work being done 
on it. There is a driven-roller table approxim- 
ately 150 ft. long separating numbers two and 
three hot mills, and on the delivery side of number 
three mill there is a table 220 ft. long terminating 
in an 80 in. wide hot trimming and coiling line of 
Head-Wrightson manufacture, which incor- 
porates an up-cut shear capable of cropping hot 
strong alloy plates 80 in. wide and 1 in. thick. 

The main motor driving number three hot mill 
is rated at 0/3,000/3,000-h.p. at 0/40/64 r.p.m. 
with an overload capacity of 100 per cent. for 
short-time peaks and a maximum cut-out torque 
some 20 per cent. higher. Forced ventilation is 
provided by filtered air at a rate of 25,000 cub. 
ft. per minute. The motor receives a supply at 
440 volts from a motor generator set driven by 
a salient-pole alternating-current synchronous 
motor of 3,700 h.p. at 1,000 r.p.m., 6°6 kV. 
The excitation of this motor is subject to Ampli- 
dyne control which permits the power factor to 
be maintained at approximately unity at all 
loads up to twice full load, and the motor has a 
maximum synchronous pull-out torque of not 
less than 2} times full load. Starting is by 
pony motor mounted on an extension to the 
Mair bedplate and the generators comprise 
three 850 kW direct-current machines capable of 
frequcnt peaks of twice full-load current. Con- 
sider: ble use is made of this motor generator 
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Fig. 6 Coils of strip are fed into a single-stand cold mill from the pay-off stand in the foreground. 


set and other similar units associated with the 
cold strip mills for the power-factor correction 
of the overall factory load. The main and 
ancillary drives on number three hot mill, like 
those on the other two hot mills, were supplied 
by the British Thomson-Houston Company 
Limited. The driven roller tables on both sides 
of number three mill are identical with those on 
number two mill and are powered by eight 
50-h.p. motors driving sections of the table by 
line shaft and bevel gears ; the entry and delivery 
tables have a speed differential to allow for draft 
compensation. 


COLD STRIP MILLS 


Material leaving the hot-rolling mills is either 
in finished form, as plate, or is coiled as raw 
material for a series of cold-reduction mills 
which are also housed in the main stage 1 rolling 
mill building. These mills are five in number 
and are arranged to the west of the two hot lines, 
four of the cold strip mills being in line with 
number one hot mill and the fifth at the end of 
the number two/three rolling line. All the cold 
mills in this section of the works are of Robertson 
manufacture, with English Electric motors and 
control gear. 

Number one cold strip mill is a two-stand 
four-high tandem mill with rolls 17 in. and 
42 in. diameter by 61 in. barrel length. It is 
engaged on first-stage cold rolling from hot- 
rolled blank approximately 0-250 in. thick and 
up to 4 ft. 6 in. wide. Robertson flood bearings 
are used on both work-rolls and _ back-up 
rolls. Each stand of the mill is driven by a 
1,000-h.p. motor having a constant torque up 
to a rolling speed of 148 ft. per minute, and 
constant horsepower thereafter to 295 ft. per 
minute. The rolls are flood-cooled by mineral 
oil applied by grouped sprays on the entry side 
of each stand. The mill is equipped with a pay- 
off coil box and a pneumatically-operated nine- 
roll entry bridle. Coils standing on a cradle 
bogie are tailed by means of a drum-type tail 
puller in advance of the decoil box, which 
facilitates threading through the entry bridle 
and into the roll “‘ bite.” Between the two stands 
there is a pneumatically-operated looping roller, 
which controls the strip and allows about 12 in. 
of vertical movement at constant tension. 


Gauging of the strip leaving the second stand is 
by Taylor, Taylor and Hobson flying micro- 
meter. An edge-trimmer with a 25-h.p. drive 
and scrap cutter and disposal equipment is 
located at the delivery side of the second stand. 
From the edge-trimmer the strip passes to a 26-in. 
by 60-in. three-segment collapsing-drum coiler, 
having a slot and grip for securing the coil end, 
and a hydraulic coil jack and pneumatic push- 
off. There is alternative provision for ‘“ up” 
coiling of material in the thicker gauge ranges, 
in excess of 0-120 in. The mill controls are in 
hinged cabinets mounted on the housings on the 
operating side, and instruments indicating mill 
speed, motor current, strip tension etc., are 
provided in similar swinging cabinets on the 
drive side. The instrument panels are duplicated 
for each stand. 

Each of the two mill stands is driven by a motor 
rated at 0/1,000/1,000-h.p. at 0/400/800 r.p.m. 
The mill motors are fed from a motor-generator 
set made up of a 2,200 h.p., 6-6 kV, salient-pole 
synchronous motor and five direct-current 
machines; the main generators are two 0/700 kW, 
0/500 volt units. The drum coiler has a 225-h.p. 
drive motor with automatic compensation for 
inertia and coil build-up, giving a maximum 
forward tension of 26,000 lb. The roll coiler 
has a 75-h.p. drive motor, and the screw-down 
motors are each of 30-h.p., one-hour rating. 

Number two cold strip mill, which is also a 
17 in. and 42 in. by 61 in. four-high, two-stand 
tandem unit, is used for either intermediate or 
finish-rolling, and is generally similar to number 
one cold mill. The drive horsepowers are the 
same, but the gear ratio is such that a maximum 
rolling speed of 480 ft. per minute can be obtained 
on the second stand. The coil-preparation and 
pay-off arrangements are the same as on the 
previous mill, and the rolled strip leaving the 
second stand passes through a flying-micrometer 
station and an edge-trimmer, to a 26 in. by 60 in. 
three-segment coiler drum. There is no roll 
coiler on this mill as the gauges rolled are below 
those on which such equipment is effective. 


TWO-HIGH COLD FINISHING MILLS 


Numbers three and four cold strip mills, 
which are in the same line as those previously 
described, are both 30 in. by 60 in., two-high, 
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single-stand finishing units, the rolls being 
carried in Robertson flood bearings. The drives 
are of 0/600/600 h.p., the corresponding rolling 
speeds being 0/240/420 ft. per minute. The pay- 
off arrangements, seen in Fig. 6, are similar on 
both mills and consist of a twin-reel decoiler, 
with a seven-roll fully-tucking entry bridle, 
having powered sticker action to facilitate the 
entry of the strip nose into the roll bite. 

The pay-off stands, while basically of the 
self-centring cone type, actually consist of a pair 
of twin-head expanding cantilever drums incor- 
porating with each cone a short expanding 
parallel stub which enters the coil bore at each 
end for a distance of about 8 in. When the coil 
is gripped and centred by the cones, the twin reels 
are expanded by hydraulic power into the coil 
bore, thus supporting it and by external braking 
providing the required drag torque. Coils are 
brought forward between the pay-off cones on 
a hydraulic jack carriage. The strip leaving the 
mill is gauged by a flying micrometer, and coiled 
on a 26 in. by 60 in. cantilevered drum equipped 
with a belt wrapper. The mill controls are 
grouped in swinging cabinets on the operating 
side of the mill housings, and there are corre- 
sponding instrument panels on the drive side. 
Each mill is driven by a motor of 0/600/600 h.p. 
at 0/800/1,400 r.p.m., which receives its supply 
from a motor-generator set driven by an 850 h.p. 
6:6 kV. salient-pole alternating-current syn- 
chronous motor coupled to a 600 kW generator, 
together with a coiler booster and exciter. The 
coiler drive motor is of 0/225/225 h.p. at 0/800/ 
1,470 r.p.m., and its control is arranged to 
compensate for inertia and coil build-up. 


84-IN. COLD MILL 


Number five cold strip mill, which is in line 
with numbers two and three hot mills, is a 
20 in. and 49 in. by 84 in., four-high, two-stand 
unit, which carries out all stages of cold rolling 
on material from 0-250 in. thick and from 4 ft. 
to 6 ft. wide and can, therefore, be regarded as 
a general-purpose mill. Each stand is driven 
by a motor of 0/1,500/1,500-h.p. with rolling 
speeds of 0/300/450 ft. per minute. Robertson 
flood bearings are used on both work-rolls and 
back-up rolls. The mill is equipped with a drum- 
type tailing machine, from which coils are 
transported on a carriage to a pay-off coil box. 
The strip enters the first stand through a nine- 
roll pneumatic tucking bridle, and there is a 
pneumatically-operated tension roller between 
the stands. On the delivery side of the second 
stand there is a continuous gauging station, 
followed by a 35-h.p. edge-trimmer complete 
with scrap cutter. The rolled strip is coiled on a 
30 in. by 84 in. three-segment coiler drum with 
slot and grip, or alternatively it can be slack 
coiled on an “up” coiler arranged on the 
remote side of the coiling drum. 

Each mill stand is driven by a motor rated 
at 0/1,500/1,500 h.p. at 0/400/600 r.p.m. The 
drum coiler is powered by a motor of 0/550/550 
h.p. at 0/480/900 r.p.m., and the roll coiler has 
a drive of 150 h.p. These motors are fed from 
a Ward Leonard motor-generator set with a 
-6°6 kV synchronous motor of 3,500 h.p. at 
1,000 r.p.m. with excitation arranged for unity 
power factor at full load. This motor drives 
two generators, each of 1,100 kW, a drum coiler 
booster of 182 kW and a synchronous motor 
exciter. Controlled drum tensions up to a 
maximum of 40,000 Ib. are available. The 
ancillary equipment in the cold-rolling section 
includes intermediate trimming and recoiling 
lines, and levelling and flying-shear lines. The 
trimmers can trim or split coiled strip up to 
‘0-125 in. thick and 54 in. wide. The levelling 
machines, which are of the multi-roll type, 
equipped with flying shears, are two in number, 


one being a product of the Hallden Company of 
America, and the other of Robertson manufac- 
ture to Hallden design. They can produce cut 
sheets from 0-015 in. to 0-150 in. thick and 
from 2 ft. 6 in. to 20 ft. long, at speeds ranging 
from 100 ft. to 300 ft. per minute. 


ANNEALING AND HEAT TREATMENT 


Adjacent to the rolling-mill building are 
annealing and heat-treatment facilities. Two 
gas-fired tunnel furnaces arranged as a double 
chamber unit, but entirely separate as regards 
control and firing, are located on the north 
side. 

The furnaces, which are of Priest manufacture, 
will operate at temperatures up to 450 deg. C. 
and deal with coils up-ended on fabricated steel 
bogies moved through the furnace by hydraulic 
pushers. Each furnace has a pre-heating zone 
24 ft. long, followed by a soaking zone of the 
same length, and finally, a cooling zone of 
65 ft., the zones being separated by internal 
power-operated doors. Coils are brought to 
the furnaces by fork-lift trucks and a coil up- 
ender is provided to turn the coils with their 
centre-lines vertical on the bogies, and reverse 
them after annealing. On the south side of 
the building is a range of General Electric and 
G.W.B. electric box-type furnaces, served by two 
Gibbons-Van Marle 10-ton chargers, and capable 
of accommodating charges up to 8 or 10 tons 
in weight. 

The solution-treatment plant, which is on the 
west side consists of electric salt-bath furnaces 
working at 500 deg. C., and complete with 
quench tanks, wash tanks and drying ovens. 
There are five salt-bath lines, four of which can 
handle sheets up to 12 ft. by 4 ft. while the fifth 
can accept 18 ft. by 6 ft. sheets. There is also 
a Priest gas-fired solution-treatment furnace, 
which can deal with sheets 18 ft. by 6 ft., and a 
low-temperature precipitation furnace of the 
same make with a sheet capacity of 76 in. wide 
and 25 ft. long. The plant for Alocrom 
chemical treatment of sheets or plates up to 
14 ft. long and 4 ft. wide is located near to the 
solution-treatment furnaces. 


SHEET AND PLATE FINISHING 


The principal processes carried on in the 
finishing department are roller-levelling, stretch- 
ing and final shearing to size. There is a bay 
on the western side for dealing with heavy-gauge 
sheet and light piate up to 6 ft. wide, 18 ft. long 
and ? in. thick. Adjoining bays deal with 
sheets up to 6 ft. wide and 16 ft. long in thick- 
nesses ranging from 0-018 in. to0-125in. There 
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are eight roller levellers, ranging in size fron 
13 in. by 60 in. to 4} in. by 84 in. From th 
finishing machines the sheets and plates pas: 
to an inspection and packing section at the enc 
of the building. 


te -+*.& 


6-TON WELDING 
MANIPULATOR 


An addition to the range of “‘ Twinner ” product: 
made by Donald Ross and Partners, Limited, 
1-3 Arlington-road, London, N.W.1, is a welding 
positioner with a capacity for work up to 6 tons. 
It is equipped with a balancing mechanism so 
that the power units and their transmission are 
kept small. 

The standard worktable is 4 ft. square but a 
larger one can be fitted if desired. It is carried in 
heavy-duty Timken bearings and also supported 
by four outboard bearings to absorb any shock 
when loading the workpiece. The worktable is 
driven by a power unit through a worm-reduction 
gearbox and final bevel drive, all built into a 
heavy steel fabricated crosshead. A dog-clutch 
is provided so that the worktable can be manually 
rotated if desired and a heavy friction band is 
fitted to prevent the table revolving too freely. 
A rotating welding earth-return is fitted to 
the bottom of the worktable shaft. 

The workpiece is normally balanced to within 
an inch or so on the rotational axis of the 
worktable. The crosshead is then raised by a 
motor driving the two lead-screws housed in 
the vertical arms of the main U-beam and 
engaging floating nuts in the crosshead. The 
crosshead is raised until the combined centre 
of gravity is in line with the trunnions on the end 
pedestals. In this position all moving parts of 
the positioner are in balance and the small power 
units provided can rotate and tilt the workpiece 
through 360 deg. on both axes if desired. This 
enables any workpiece to be arranged so as to 
present every possible weld-run in the down-hand 
position. 

A slipping clutch is fitted for the tilting move- 
ment so that if the workpiece has not been 
properly balanced the power unit will not be 
overloaded. There is a four-station push-button 
remote control, operating at low voltage, so that 
the welding operator can control movement of 
the workpiece from wherever he is working. 
The standard gap between pedestals is 15 ft., 
but this can be altered to meet requirements. 
Maximum working load, with a high factor of 
safety, is 6 tons with a centre of gravity at 18 in. 
from the face of the worktable. Manipulators 


of 1-ton and 3-ton capacities are also made. 





On this welding manipulator work up to 6 tons can be turned to any position by rotating it aout 
vertical and horizontal axes. The cross-beam can be adjusted to balance the work. 
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Fig. 1 Swinburne Quarry, Northumberland, has an output of 600 tons of crushed Whinstone a day for road-making. The plant is almost 
completely mechanised and is subject to continuous automatic electrical control. 


A MECHANISED QUARRY 


ROADSTONE GRADED, BATCHED AND MIXED UNDER 
AUTOMATICJELECTRICAL CONTROL 


In order to meet a rapidly increasing demand 
for roadstone in recent years the Amalgamated 
Roadstone Corporation, Limited, Dial House, 
54 Northumberland-street, Newcastle-on-Tyne, 1, 
have been carrying out extensive modernisation 
of their quarry plants. The plants have been 
developed into completely mechanised units, 
depending largely on electrical power and 
embodying automatic electrical control of many 
of the operations involved in the preparation of 
coated macadam. 

A new pilot lay-out was designed and first 
used at Greenwich in 1947. After a period in 
which its efficiency of operation was proved, 
a similar layout was adopted for Cleehill in 1951, 
Blodwell in 1950 and Swinburne in 1953. The 
plant at Swinburne (Northumberland), which is 
described in detail below, is particularly interest- 
ing because not only does it incorporate the 
electrical control features of the other plants 
but it is the first occasion that new dust-control 





Fig. 2 Control panel for the grading plant 
han‘ling the crushed stone. The control unit 
con:ists of a motor-driven camshaft with cams 
desimed to engage closing contacts for periods 
Which provide for a given number of revolutions 
of the grader motors. By changing the cams, 
the »peration of the motors is altered, thereby 
changing the grading of the stone. 


methods have been applied with considerable 
success. 


QUARRY CAPACITY 


Swinburne Quarry, shown in Fig. 1 after the 
work had been completed, was in the news 
when a milli-second blast yielded 50,000 tons 
of Whinstone — enough to keep the plant working 
for four months. The quarry began producing 
Whinstone Penning for road material as early as 
1932, using manual methods which gave only a 
very small output because the stone was very 
tough having a crushing strength of 56,000 Ib. 
per square inch. It has since been progressively 
mechanised and at the present stage of develop- 
ment is capable of an output of over 600 tons of 
crushed stone per day. 

Hand breaking has been superseded by the 
milli-second blast method which shatters the 
rock down to a size ready for the primary 
crushers. This method entails drilling deep 
holes for the explosive charges. The practice 
is to drill vertical holes up to 80 ft. in depth 
using 24-in. diameter tungsten-carbide bits and 
in order to ensure that the bottom of the stone 
breaks at quarry floor level, a series of 1{-in. 
diameter horizontal holes are drilled in between 
the vertical ones at floor level. From experience, 
the burden and spacing of these holes has been 
accurately determined. The holes are charged 
to within a few feet of the top with high explo- 
sives, and each hole is fired with delay detonators. 
Thus every charge hits its neighbour, making the 
maximum use of the explosive power to bring 
the stone down economically to the size for the 
primary crusher. 

With the well-fragmented rock pile, the work 
of the two excavators used for loading, is con- 
siderably lighter and wear and tear reduced to a 
minimum. Stone is loaded into tipping lorries 
and conveyed to a hopper where the dirt is 
extracted mechanically to prepare the stone for 
primary crushing. 

From the time that the stone reaches the 
primary crusher until it is finally despatched in 
finished form all the equipment is operated by 
electrical power. To provide for the increased 
power loading resulting from the latest modern- 


isation, new electrical distribution equipment 
had to be installed. 

An electricity supply is taken from the 20-kV 
overhead line of the North Eastern Area Elec- 
tricity Board and stepped down by a 500-kVA 
transformer to 440 V. for the main distribution. 
Three distribution feeder cables are controlled 
by three metalclad switchgear units equipped with 
oil circuit breakers of 300 A normal capacity 
and 20 MVA breaking capacity. This switch- 
gear was installed to replace obsolete equipment 
and provides an additional 400-V feeder to the 
distribution circuits for the electrical equipment 
of the plant installed during the final stage of 
the last development scheme. 


PLANT ARRANGEMENT 


The Swinburne plant now operates as a 
flow-line system. Screening separates the stone 
from 24 in. down to 4 in. and dust into a 
battery of storage bins and the level of material 
in each compartment is controlled by a signal 
panel linked to the 6-in. indicators shown in 
Fig. 2. A duplicate panel is installed in the 





Fig. 3 The wet precipitator used in one of the 
two methods of dust control employed at the 
quarry. 





Fig. 4 Aggregates are batched from hoppers, each holding stone of a given size. The required 
grading is obtained by opening the bottom of the bins for a sufficient period to allow the correct 
proportion of stone to fall on the conveyor belt. 


main office. The bins are installed in a line 
and used in conjunction with a very effective 
system which has been developed for collecting 
the amounts of different grades required for a 
particular batch. With this system batches of 
dry stone are either delivered straight into the 
lorries or can be transferred to the coating 
plants. 

As part of the latest development a second 
coating plant was installed for the production 
of coated macadam for road-surface dressing 
aggregates of minus 14-in. stone. Aggregates 
are batched from the bins, stone being drawn 
from each as required by means of an auto- 
matically operated motor-driven grader, shown 
in Fig. 4. The grader consists of a four-bladed 
paddle rotating inside a housing and fitted at 
the bottom of each bin so that it is fed by gravity. 
The grader is driven by a 2-h.p. motor with an 
integral gear box to give the low paddle speed 
required. Since the amount of stone delivered 
depends upon the number of revolutions of 
the paddle, an automatic control enables a given 
quantity of different sizes of stone to be 
delivered on to a belt conveyor for batch mixing. 


CONTROL BY CAMSHAFTS 


The principle of the system is to control each 
grader motor so that it runs for a predetermined 
number of revolutions which will deliver the 
right amount of material for a particular batch. 
Each of the grader motors is switched in and out 
automatically as required to produce the appro- 
priate quantities of different grades of stone in 
each batch. With this arrangement the material 
can be graded automatically into 40-cwt. batches 
to meet different requirements. Once a grading 
has been established correctly it can be main- 
tained consistently. 

The system is controlled by equipment com- 
prising contactors for switching the grader 
motors on and off; and a control unit that 
switches the grader-mctor contactors in and 
out according to the quantities and sizes of the 
material required in each batch. 

The control unit consists of a motor-driven 
camshaft with cams designed to engage closing 
contacts for periods that provide for a pre- 
determined number of revolutions of the grader 
motor. To provide for the different gradings 
required there are a number of camshafts, each 
of which has an arrangement of cams correspond- 
ing to a particular grading of material. 


Each camshaft is inserted into the control 
unit as required, after which pressing the “ start ” 
push-button initiates the sequence of operations 
of the graders to make up the batch of the 
material required. A series of pilot lamps 
indicate to the operator the progress of the 
automatic sequence so that faults may be 
recognised immediately. When a batch is 
made up the camshaft motor is switched off 
automatically, until the operator presses the 
push-button to start the next grading operation. 

Alternatively, the graders can be operated 
individually by push-buttons under manual 
control to allow for selective grading of special 
batches. 

The camshaft type of control unit has the 
advantage of being simple, completely reliable, 
and easy to maintain. An equivalent scheme of 
grader control using a combination of timing 
relays is giving service satisfactorily elsewhere, 
but it would appear that the camshaft control is 
particularly well suited to the conditions of 
operation. 


TAR PLANT 


The batch of dry stone is conveyed either 
directly into lorries or to the hopper of the 
batch heater, which has a capacity of 45 tons 
per hour. Stone is then passed into the oil- 
fired batch heater. The drum is rotated by a 
20-h.p. slip-ring motor and another 74-h.p. 
squirrel-cage motor drives the compressor supply- 
ing air to the burners. On the extreme right is 
a control panel for the electric graders which 
enables the operator to check operation and stop 
the process if necessary. Industrial broadcast 
communication links this operator with the 
mixer floor, and the arrangement will be extended 
to other sections of the plant. Radio-telephone 
equipment may be installed in the future. 

The heated stone is discharged into a skip- 
hoist bucket and carried up to the mixer where 
it is first check-weighed before being transferred 
to the mixer together with weighed quantities 
of dried filler, if required, and tar or bitumen 
which is also weighed. The electrically heated 
tanks are thermostatically controlled and incor- 
porate a further refinement of time-control 
switching. 

The mixer, which consists of a number of 
paddle blades on two shafts is driven by a 50-h.p. 
slip-ring motor. During mixing the batch is 
maintained at a temperature to ensure a complete 
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and effective coating by means of electric heaters. 
The length of mixing time is governed by the 
type of coated material being produced. The 
tar-macadam plant has been supplied by Stothert 
and Pitt, Limited, Bath. After mixing, the 
material can be discharged direct into lorries 
or into storage bins to await the arrival of the 
lorries. Both heating and mixing is electrically 
time controlled. 


DUST CONTROL 


During the last stage of development of the 
Swinburne plant dust control equipment has 
been installed throughout. Two methods are 
used for the control of dust. With the first, 
dust from a section of the plant is controlled 
by a wet precipitator, Fig. 3. The second is a 
liquid dust suppression system applied at the 
primary and secondary crushers using a patented 
liquid wetting agent mixed with water. The 
wetting agent breaks down the surface tension of 
the water when it is in contact with a solid, and 
the mixture is sprayed in minute quantities in a 
finely atomized state, on or in the vicinity of 
the material which is being treated. 

For this latest development Crompton Parkin- 
son, Limited, Aldwych, London, W.C.2, supplied 
the cables, “‘ Klad ’”” medium-voltage switchgear 
and electric motors; and the Company carried 
out the electrical installation in association with 
the North of England Engineering and Electrical 
Company, Limited, Ferryhill Station, Co. 
Durham. The electrical installation work in- 
cluded the re-wiring of existing equipment in the 
plant generally, and of the water-service plant 
and the maintenance workshop. 


& & *& 


ANTI-VIBRATION 
MOUNTINGS 


Tuned to Suit Any Frequency 
after Installation 


A new range of anti-vibration mountings has 
been introduced by Howard Clayton-Wright, 
Limited, Wellesbourne, Warwickshire, which 
makes available in one unit a mounting which 
can be tuned after installation, completely 
isolating any frequency within its range, and 
covering loads from 250 Ib. to 1,500 Ib. 

The new damper is constructed from a steel 
pressing, enclosing rubber elements constrained 
by alloy conical inner members. It is available 
in two versions, double or single conical 
(adjustable or fixed type). The double conical 
adjustable vibration damper is suitable for 
applications where torque reversal or consider- 
able shock loadings are expected. It eliminates 
the fitting of two dampers back to back, and it 
can be tuned to isolate vibration at any loading 
within its capacity. 

The single-conical adjustable vibration damper 
embodies all the features of the double conical 
type, with the exception that it has no provision 
for torque reversal. However, a rebound washer 
is fitted to cater for shock loadings or reverse 
torques. Load deflection characteristics and 
load range are similar to those of the double- 
conical vibration damper. 

The fixed-type double and single conical 
vibration dampers have been developed as 
** utility’ mountings with all the features of the 
adjustable type except that they cannot be tuned 
after installation. Before ordering fixed-type 
mountings, a set of adjustable vibro-dampers 
should first be fitted and tuned to the correct 
flexibility. These mountings then become the 
pattern for subsequent production of fixed 
mountings. The load range is 250 Ib. to 1,500 !b. 
and the load-deflection characteristics are iden- 
tical with those of the adjustable types. 
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Fig. 1 The supply of components to all the winders in the new factory of Brook Motors Ltd. is regulated 
by this girl. When a red lamp is illuminated she issues instructions to the stores, where the appropriate 


components are then dispatched along conveyors. 


By pressing a button a green lamp lights up, and 


both are extinguished when the components reach the winder. 


PRODUCTION OF ELECTRIC MOTOR 


STATORS 
CENTRALISED CONTROL OF CONVEYORS 


The jubilee of Brook Motors, Limited, Hudders- 
field, coincides with the opening of their new 
factory at Barugh Green near Barnsley. Owing 
to labour shortage at Huddersfield, some work 
was transferred to Barnsley in 1945, and the 
experiment proved satisfactory. The Barugh 
Green works, which was opened on May 28 by 
Sir John Keeling, occupies about one quarter 
of the 450,000 sq. ft. of site. All the service 
buildings, and also the access roadways, are 
grouped to allow for future expansion. UJIti- 
mately, it is proposed to employ about 1,000 
workers, as against the 450 there now. 

Since the site is in a mining area, special 
precautions had to be taken against subsidence. 
Therefore a reinforced-concrete raft construction 
was used, the raft beams forming 30-ft. squares. 
These beams are 3 ft. deep and 3 ft. wide at the 
top tapering to 1 ft. at the bottom. On them 
is laid the factory floor of reinforced-concrete 
slabs covered with asphalt. The present building 
is made in two parts, with a flexible joint between 
them, so that relative movement is possible with- 
out causing severe damage. 

The permanent walls are of load-bearing brick, 
but where the building is to be extended the walls 
are steel frames with brick filling. The north- 
light roof is made of welded steel portal frames 
with stanchions spaced to give 30 ft. bays 
corresponding to the raft beams. The division 
into bays is intended to give flexibility in produc- 
tion lay-out. Insulated steel decking with a 
mincral finish is used for the roof and patent 
glazig for the north lights. The canteen is built 
to the same pattern as the factory so that it 
can be incorporated as production space if 
requ.-ed. The factory was built to the design of 
Mr. N. Heppenstall, L.R.ILB.A., acting in 
conj: action with Mr. Bailey of Brook Motors. 
Vern n Dunk, Limited, of Barnsley, were the 
builc rs and the steelwork was the responsi- 
bility of James Austin and Sons, Limited, 
Dew yury. 

TE main work at the factory is the winding 


of motor stators for sizes up to about 5 h.p. 
Daily production at present is 300. In addition, 
about 250 items of control gear are made daily, 
the whole department having been moved from 
Huddersfield. A service of articulated lorries 
conveys the stator frames, with stampings 
pressed in, from Huddersfield, and returns the 
completed items. The factory has been laid out, 
and all operations studied, to reduce handling to 
a minimum. Large doors which are regularly 
used are electrically operated and all internal 
movement of parts and materials is by conveyor. 
Air-operated lifting platforms move the parts 
from one conveyor to another. Every endeavour 
has also been made to keep paper work to a 
minimum. 

Since there are 30 types of stator and 500 
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Fig. 2 Stator coils are 
wound on quick-release 
formers; 500 different 
windings 


Completed sets are re- 


are made. 


moved by conveyor for 
inspection and storage. 
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different windings being made, a flexible system 
is necessary. Since also the skill of the operators 
varies, it is necessary to be able to allot work 
appropriately. It was therefore decided to 
have a central control point (Fig. 1) from which 
suitable work can be directed to each winder 
as it is required. The conveyor system was 
worked out to provide for this. To keep paper 
work down, a basic order sheet is issued by the 
sales office and is then passed through the works 
departments. As it goes through the stores 
the components for the job are selected until the 
complete set arrives at the routing station ready 
to be taken to a winder skilled in the work. 
Labour required both for winding and transport 
has been reduced, with an estimated reduction 
in overheads of about 20 per cent. 


CONTROL OF DISTRIBUTION 

The winding of the coils is done on specially- 
shaped formers according to the type of stator 
for which they are intended. A part of the wind- 
ing section is shown in Fig, 2. The formers 
on the machines are interchangeable and types 
of coils are wound to suit the stock position. 
Conveyor belts carry the completed sets, marked 
with their type number, to the inspectors, who 
check them for continuity and induction. 
Approved sets are removed to the stock section 
and hung on the racks that can be seen on the 
left of the illustration. Each operator has the 
necessary equipment for making joints to the 
wire when needed. 

All requisitions for work are sent to a central 
control office in which are kept the stock indi- 
cators for all types of stator and components. 
A list of stator types received from Huddersfield 
is kept and sent to the coil-winding section to 
ensure that sufficient coils of the right type are 
available. No order is issued from the control 
Office unless reports show that it can be completed 
from parts in stock. Thus delay along the 
production lines is avoided. In the central 
control room are the panels for indicating and 
controlling the flow of work. These are shown 
in Fig. 1. When one of the stator-winding 
operatives moves her reserve job into the mani- 
pulating frame, a red light comes up against her 
name on the panel. The clerk then selects a 
work ticket, marks on it the station number 
where the work is required, and passes it through 
the window on her left on to a conveyor belt 
which takes it to the operator in charge of the 
stator stock. The clerk then presses a button 
on the panel to switch on a green lamp indicating 
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Fig. 3 The controller at the indexing station routes the stator and 
its coils to the point required. The conveyor automatically stops at 
the station and cannot be restarted till the job has been removed 

from it. 


that action has been taken to supply the work 
wanted. When the work arrives at the winder’s 
station and is slid on to the platform, the lamps 
are automatically extinguished, showing that 
supply has been effected. 


SEMI-AUTOMATIC CONVEYORS 


The conveyor belt which carries the work 
ticket from the central office, passes through the 
stores and can be seen in the left background of 
Fig. 2. It leads to a cross-conveyor which 
takes the complete set of parts to the main 
indexing station. A stator is selected from the 
stock according to the work ticket and a complete 
set of coils, sticks, insulators and a terminal 
board are added as it passes through the various 
sections of the stores. Fig. 3 shows the indexing 
section from which the work is sent out to the 
winders. The cross-conveyor mentioned above 
feeds the work on to the roller conveyor in the 
foreground. At present there are three belts 
feeding the winding section and these are reached 
from the indexing station by the belt conveyor 
on the left, diréctly from the rolier conveyor 
on the right or by a second belt conveyor the 
start of which can be seen on the right. The 
complete plans are for five winding conveyors, 
one to be added at each side. Each of the 
conveyors has 37 winding stations along it. 

To dispatch the work to the winder, the 
operator in charge of the indexing station sets 
up the station number on the conveyor control 
panel. He then dispatches the job on the cross- 
conveyor and starts the main conveyor. Just 
after the job starts along the main conveyor, it 
breaks a light beam which starts the indexing 
mechanism. This proceeds to count the stations 
passed and stops the conveyor at the correct 
point. As the stations are all 4 ft. 6 in. apart, 
the mechanism actually, works on the distance 
the belt travels. Fig. 4, which is a view of the 
main winding shop lying behind the bridge in 
Fig. 3, shows a job arriving at a winding station. 
The winder gets up from her seat and slides the 
job down the ramp on to a spring-loaded 
platform at the bottom. When the weight of the 
stator depresses the platform, the lights in the 
central control room are extinguished and also 
the conveyor can be restarted. This ensures 
that a second job cannot be dispatched until 
the first has been accepted at its destination. 

The positioning frames in which the stators 
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Fig. 4 When the job arrives at the station, the winder slides it off on to 
the spring-loaded platform. Depression of this allows the conveyor to be 
restarted and also extinguishes the lights in the control room. 


Completed 


jobs are removed by a lower conveyor. 


are mounted for winding are hung from an arm 
which can be swivelled either way. This allows 
the stator to be slid both on and off the mounting 
platform without any effort involving lifting. 
The single-ring frames have been found to 
distort slightly under load, making turning 
difficult, and are being replaced by the two-ring 
type in the foreground. When the coils have 
been fitted to the stator, which takes about 
half-an-hour depending, of course, on the size 
and type, the winder swivels the arm and slides 
the work on to the discharge platform. She 
then pushes it down the slope on to the lower 
conveyor. When the station is not in use, it 
can be switched out of circuit to avoid giving 
false information on the control panel. 


AUTOMATIC ELECTRONIC CONTROL 


The lower conveyor takes the wound stator 
towards the stations where the connections are 
made and the terminal boards fitted. These 
stations can be seen in Fig. 4 as continuations 
of the main conveyors just before the ramps 
that lead up to the testing stations. There are 
twelve connecting stations on each belt, each 
being very similar to the winding stations but 


Fig. 5 Jobs from the 
winders are distributed 
to the connecting sta- 
tions by this equip- 
ment which controls the 
belt automatically. The 
photo-electric cells only 
allow one job to be 
moved at a time. 


without the swivel arm and positioning frame. 
The delivery of work to these stations is on the 
same principle as to the winding stations, but 
since there is no selection of work for particular 
operators it can be completely automatic. 
Fig. 5 shows the lower conveyor rising to work 
height and the electronic mechanism which 
controls work delivery. The mechanism con- 
tinually searches for a platform without a 
reserve job upon it, that is, a station where work 
is needed, and when it finds one, starts the 
conveyor. As soon as a job passes the left- 
hand photo-electric cell, the indexing mechanism 
on the left begins to operate and stops the belt 
in the correct position. As with the main belt, 
it cannot be restarted until the work is slid off 
on to the platform. The two photo-electric 
cells act in sequence, the right-hand one control- 
ling the arrival and the left the delivery. After 
one job has been dispatched along the delivery 
conveyor, the right-hand cell stops the arrival 
conveyor when the beam is broken by a second 
stator. One of these control units is fitted to 
each of the conveyor lines. The driving motors 
for the belts can also be seen in Fig. 5, together 
with the magnetic brake, the main driving pulleys 
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and the belt-tensioning device. Very few of the 
driving motors are over 1 h.p. 

The joining of the connecting leads to the 
coils is done with an oxy-acetylene flame. 
Supplies are piped to each station from a main 
source. Only a very fine flame is needed or 
else the wires themselves might be damaged. 
The leads are brought out to the terminal 
boards, which are designed to allow external 
connections to be made to give the required type 
of winding. The terminal boards are then fixed 
in place and the coils are taped up. 


SIMPLE TEST PROCEDURE 


When the work has been completed at these 
stations, the stators are again slid down ramps 
on to a lower conveyor. This takes them to the 
testing station, which can be seen in the back- 
ground of Fig. 4, each belt having a station. 
These conveyors are push-button controlled by 
the testers themselves who bring work forward 
as it is needed. The coils are flash-tested to 
earth and between phases, and checked by a 
combined test on an oscilloscope for continuity 
and shorted turns. In this way testing time 
can be reduced and only semi-skilled personnel 
employed. In addition, an overall dimensional 
check is made of the coils to ensure that they 
will fit in the motor casing. Rejects are placed 
on one side for return to the winding section, 
and approved stators transferred to the over- 
head conveyor which can be seen in the back- 
ground of Figs. 4, 5 and 6. In order to reduce 
physical exertion, air-operated lifting platforms 
are used to make the transfer. The overhead 
conveyor is provided with a range of hooks to 
suit the various types of stator being handled 
and in the proportions in which a survey showed 
that they occurred. 

The overhead conveyor travels at a very 
slow rate and is driven by a 14-h.p. motor. 
The driving wheel is arranged so that the chain 
embraces 180 deg. of it, a special loop in the 
path being made for this purpose. The whole 
driving mechanism is mounted on slides so 
that any stretch in the conveyor chain may be 
taken up. Tension is provided by a suspended 
weight which is attached to the drive platform 
by wire ropes passing over pulleys. A single 
drive has been found quite satisfactory in spite 
of the great length of the conveyor. Its travel 
can be stopped, if required, at any one of several 
points, but it can only be restarted from the 
main control point. Lights mounted above 
the indicator panel in the central control room 
(and just out of view in Fig. 1) show from 
which point the conveyor has been stopped. 
The point can then be contacted by telephone 
to find out the cause. 


IMPREGNATION 


The stators are then carried by the overhead 
conveyor from the testing stations to the 
impregnation plant which is situated at the 
opposite end of the factory, where they are 
unloaded on to a roller conveyor, again using an 
air-lift platform. Here they are fitted with 
terminal boxes and earth screws, passing on to 
the next operator who covers all machined 
surfaces with a lacquer. This is intended to give 
Protection during impregnation. The stators 
are ihen passed along the roller conveyor for 
loading into the impregnation plant. 

_Toe stators are hung on the bars of a con- 
Unuous-flight bar conveyor, about six or eight 
to a bar depending on size, with their terminal 
box:s uppermost. This conveyor dips them 
into a bath of insulating varnish almost up to 
the crminals. The passage through the bath 
take about a quarter of an hour. They are 
then carried over a dripping tray into a gas-fired 
Over. for baking. The varnish level has to be 
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Fig. 6 After impregnating, baking and painting, the stators are unloaded by an air-lift platform 
for final test. The lifting platform for loading them into the lorries is on the left. 


corrected regularly as a large stator may absorb 
as much as 3 lb. The temperature of the 
baking oven is electrically controlled at 320 deg. 
F. and passage through it takes about 14 hours, 
including some cooling. On emergence, being 
cool enough to handle, the stators are unloaded 
on to another roller conveyor, where a pneumatic 
rotary brush is used to clean the varnish from 
the pole faces. Still on the roller conveyor, they 
pass under an extractor hood while the exteriors 
are cleaned and fettled with a hand grinder. 
They are then loaded on the overhead conveyor 
(which passes right round the impregnating shop) 
and are sprayed with paint in water-washed 
booths. The conveyor takes then to the final 
inspection and dispatch stations. 


FINAL TEST AND DISPATCH 


By the time the stators reach the final inspection 
and dispatch stations, which are shown in Fig. 6, 
they have had time to cool and dry. The complete 
trip, from initial test to dispatch, takes about 
four hours. An air-lift platform is again used 
to unload them for transfer to the roller con- 
veyor and this is shown in the illustration 
(Fig. 6). A second flash-test is applied and also 
a continuity and inductance test as in the earlier 
stages. Overall dimensions are checked with 
gauges and the whole stator given a thorough 
inspection. They are then packed in wire 
basket pallets, which may be seen in the back- 
ground of Fig. 6, and taken on hand trucks to 
the loading platform. This is screw-operated 
and can lift up to 6,900 lb. to the height of the 
lorry floor. It can be seen in the raised position 
at the extreme left of Fig. 6. Just to the right 
of it is a storage platform where the pallets can 
be kept while awaiting a lorry. These are the 
articulated lorries mentioned earlier and they 
take the stators to Huddersfield for final 
assembly. 

It is now some 15 months since the conveyor 
belt system was put into operation. During 
this time most of the teething troubles have been 
rectified and production is now quite smooth. 
It has been found that belts with an open weave 
tend to stretch or contract with changes in the 
atmospheric conditions, but that this is not 
nearly so noticeable with close-woven belting. 
The whole of the conveyor system was designed 


by the Electronic and Production Planning 
departments and was made in the works. 


APPLICATION EXTENDED 


In view of the success of the system when used 
for stator winding, a similar layout is being 
installed for making motor-starters. This differs 
from the original system in several points. It 
is almost completely automatic, which is made 
possible by the lighter work being handled. 
The starter box and cover are placed on the belt 
and filled with the components as they pass the 
stores section. The mechanism panel is assem- 
bled and the starter passes to a holding section 
before final assembly. Assembly stations are 
similar to the coil winding stations but, when the 
reserve job is lifted from the sprung platform, an 
arm swings across the belt. When the starter 
case, which is automatically dispatched in the 
same manner as the stators to the connecting 
stations, strikes this arm, it is deflected off the 


belt and slides down on to the sprung platform. - 


The arm then swings back into place clear of the 
belt and the photo-electric control is reset for 
dispatching the next starter when required. At 
the end of each stage of assembly the starter is 
placed on a lower beit and the cycle is repeated. 

Finally, at the test and inspection stations 
there are three belts, one above the other. 
The starters arrive on the centre belt and are 
deflected to the stations, Those that are accepted 
are placed on the lower belt which takes them 
to the packing section, and those which are 
rejected are placed on the top belt which returns 
them to the assembly section. This equipment 
has not been in regular use long enough to show 
how it will function under production conditions, 
but the first runs have proved to be quite 
satisfactory. 


+ & *& 


GRADUATES’ AND STUDENTS’ 
OVERSEAS TOUR 


The Graduates’ and Students’ Section of the 
Institution of Chemical Engineers are arranging 
an industrial tour of Holland from July 24 to 
August 1. This follows the successful tour 
made in Southern France last year. The total 
cost is expected to. be £37 per person. 
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THE GAUGE AND TOOL EXHIBITION 


Concluded from page 698 


HE fourth in a series of gauge and tool exhibitions has recently been held at the New 


Horticultural Hall, Westminster, London, S.W.1. 


The exhibition, which was organ- 


ised by the Gauge and Tool Makers’ Association of Great Britain, opened on Monday, 
May 17, and closed on Friday, May 28, and was attended by more than 10,000 visitors. 
The Minister of Supply, Mr. Duncan Sandys, reported, when declaring the exhibition 
open, that the British gauge and tool industry had made extraordinary progress since 
the war and its turnover had risen from £22 million in 1947 to £51 million in 1953. 
The exhibits described here are illustrated opposite. 


PORTABLE HARDNESS TESTER 


A direct-reading hardness tester, which is 
shown in Figs. 10 and 11, was displayed by B.S.A. 
Tools, Limited, Mackadown-lane, Kitts-green, 
Birmingham, 33. Known as the “ Burton” 
universal portable hardness tester, this instrument 
is made by Burton Griffiths and Company, 
Limited (B.S.A. Tools Group), Montgomery- 
street, Birmingham, 11, and gives pointer 
readings on V.P.N., Brinell and Rockwell “‘ C” 
scales. The Burton tester, which weighs only 
3 lb., is operated by hand pressure and converts 
the resistance which is offered to its pre-loaded 
diamond indenter into the appropriate hardness 
value. The results given by the recording 
mechanism are based on figures obtained from 
bench hardness testers and are thus in con- 


_ formity with hardness values derived from 


standard machines. 

Also shown by the B.S.A. company were 
thread rolls for thread generating machines, 
dies, drills, cast milling cutters and “‘ Sintox ”’- 
tipped boring, turning and milling tools. Sintox 
is a hard ceramic substance suitable for the 
machining of plastics, particularly those filled 
with wood fibre or minerals, and materials such 
as graphite and asbestos. 


CHECKING CLEARANCES 


Among the equipment exhibited by the Sigma 
Instrument Company, Limited, Letchworth, 
Hertfordshire, were mechanical, electrical and 
pneumatic comparators, bench micrometers, 
thread-measuring instruments and automatic 
multi-dimension inspection machines. Also 
shown were: a surface-finish comparator with a 
diamond-tipped piezo electric pick-up and an 
electronic amplifier giving five test ranges from 
zero to 200 micro-inches; an electrical gauge- 
block comparator known as the “ Superset ” 
and a liquid-column air-operated comparator for 
checking mating clearances. 

The Sigma triple-tube “ Liquicolumn”’ unit 
has been designed to indicate the clearance 
tolerance between plug and ring-form work- 
pieces for positive selective mating, and has been 
developed in particular for use with internal- 
combustion engine pistons and the corresponding 
gudgeon pins. In Fig. 12, this instrument is 
shown indicating a satisfactory fit. 

Linked to the instrument by air leads is a 
testing block, on which are fitted a mandrel and 
a ring gauge. The piston is first placed on the 
air mandrel and the diameter of the pin required 
to ‘it it is indicated by the height to which the 
liquid in the centre column rises. A pin is then 
selected and inserted in the air ring gauge and 
the liquid in the two outer columns rises until 
the height of that in the left-hand column 
coresponds to the diameter of the pin. 

1ne instrument is adjusted so that the liquid 
in 1e right-hand outer column is maintained 
at . fixed height above that in the left and the 
inte val between the two outer columns thus 
Tep: sents for the given pin the clearance limits 
bet: cen which the diameter of the gudgeon-pin 
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recess should fall, To facilitate the selection of a 
suitable pin for a particular piston, the pins 
have been grouped into four dimensional grades 
and corresponding divisions marked on the scale. 


ELECTRICAL COMPARATOR 
The instrument shown in Fig. 13 is the Sigma 
** Superset ’ electrical comparator, which has 
been designed for the standards room or labora- 
tory and enables comparisons to within two 
millionths of an inch to be made. It is accurate 
over the centre scale, the makers claim, to within 
2 per cent. of the total scale range. Various 
ranges and magnifications can be selected and 
cylindrical test pieces up to 6 in. in diameter 
may be compared under a measuring pressure, 
constant over the whole range, of 8 oz. 


WELD EXAMINATION 

The Kemworthy Jig and Press Tool Company, 
High-street, Colliers Wood, London, S.W.19, 
exhibited a variety of tools used in the tin-box 
industry and, in particular, combination and 
cap dies and other tools for the production of 
food containers and four-gallon petrol cans. 
Also shown were curling and seaming wheels, 
flanging dies, body-forming mandrels and splines, 
and a weld-examining tool. 

The “‘ Weld-Prober,” which is illustrated in 
Fig. 14, is a portable machine for cutting speci- 
mens from welded butt joints in order to examine 
the quality and soundness of the weld. The 
specimens obtained will expose any defects such 
as slag inclusions, lack of fusion, cracks and 
porosities and are of suitable shape and size 
for machining into cylindrical test pieces for 
tensile, impact or other forms of testing. The 
method of cutting is such that the hole left by 
removal of the boat-shaped specimen may be 
easily re-welded. 

The essential item of the machine is a saucer- 
shaped saw which is driven by a }-horse-power 
electric motor and loaded, to give appropriate 
feed rates, by a spring. The entire main unit is 
mounted on two pivots at the centre of curvature 
of the saw so that the blade may be correctly fed 
to give a cut spherical in shape. On completion 
of one cut the saw is removed and the main unit 
is indexed on the mounting frame through 180 
deg. to perform the second. 


WELDING ELECTRICAL CONDUCTORS 

G.P.A. Tools and Gauges Limited, Harper- 
road, Wythenshawe, Manchester, displayed 
among other items of equipment a cold-pressure 
welding tool which has been designed for the 
butt welding of aluminium and copper wires 
from 0-036 in. to 0-064 in. in diameter. A second 
tool for welding wires from 0-080 in. to 0-144 in. 
in diameter has also been made and both versions 
are suitable for welding certain aluminium alloy 
conductors such as “ Silmalec.” 

At the beginning of the operation both wires 
are inserted into split tapering jaws and firmly 
gripped. The ends are then cut square by a 
mechanism incorporated in the tool, the cutter 
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is swung clear and the wires are brought forcibly 
together. Some of the metal is displaced side- 
ways forming a flash, which can be trimmed 
away without impairing the quality of the joint. 
No flux is required for the process. This tool, 
which is shown in Fig. 15, forms a joint which is, 
the maker’s claim, equal in electrical conduc- 
tivity and mechanical strength to the parent wire. 

Other equipment exhibited by G.P.A. Tools 
and Gauges, Limited, included sapphire plug 
gauges, plate depth and length combination 
gauges, inspection fixtures, receiver gauges and 
plastics moulding tools. Among the instruments 
displayed were a magnetic sorting bridge, a 
photometer and a Reed vibrometer. 


PLASTICS MOULDING TOOLS 


Moulds, dies and tools for the plastics industry 
were the main items of equipment shown by 
B.I.P. Tools, Limited, 147 Tyburn-road, Erding- 
ton, Birmingham, 24. Examples of moulds 
included those designed for such processes as 
compression, transfer and injection moulding of 
thermo-setting plastics; cold hobbing and other 
mould-making operations were also represented, 

Among the tools exhibited were some having 
built-in electrical induction-heating coils. Other 
coils incorporated in standard platens illustrated 
a method by which any press might be fitted 
with a heat source. 


DIAL INDICATOR WITH LONG TRAVEL 


On the stand of J. E. Baty and Company, 
Limited, 39 Victoria-street, London, S.W.1, 
was displayed a range of measuring equipment 
incorporating dial gauges, which included dial- 
test indicator sets, magnetic bases, small-bore 
and cylinder gauges, internal-recess gauges, 
comparators, angle-inspection instruments and 
examples of the “ Lindley ’’ extensometer for 
determination of proof stress. In addition were 
shown two models of the Company’s “ West- 
minster” optical projectors which have magni- 
fications up to 100 times and fields up to 2 in. 

Among the dial gauges exhibited were examples 
in the Company’s 24-in., 3-in. and 44-in. dia- 
meter range, which now includes 96 models. 
Open-scale gauges have been added to this range 
and versions with 0-001-in. or 0-0005-in. gradua- 
tions are made. Also represented on the stand 
was a series of 1}-in. diameter dial indicators 
which include a model reading in steps of 
0-0001 in. Believed by its makers to have a 
longer travel than any other high-magnification 
indicator produced in this country is the gauge 
shown in Fig. 16. This instrument has a range 
of 24 in. but has neverthless been designed to 
give results of high accuracy. 


POWER-PRESS FEEDING MACHINE 


In Fig. 17 is illustrated a strip-feeding device 
for power presses displayed at the exhibition 
by the Birmingham Tool and Gauge Company, 
Limited, Soho-hill, Handsworth, Birmingham, 
19. Known as the “‘ Swift-Feeder,” this machine 
can be fitted to almost any form of press and is 
driven by the press crankshaft. It is made with 
a feeding capacity which can be varied from zero 
to 3 in. per stroke and can achieve operating 
speeds up to 500 strokes per minute. The feeder 
can deal with stock up to 4 in. in thickness and 
the width of the strip is not limited by the 
feeding-slide unit, which is open sided. The 
makers claim that an accuracy of feed within 
0-002 in. can be maintained. A stock reel 
holder for use with the feeder is also made. 

Also exhibited by this Company were “ Pro- 
ductafeed ’’ power-press feeding equipment for 
feeds up to 12 in., multi-diameter boring tools, 
form-relieved milling cutters and the “‘ Coustant ” 
helix profile milling cutter. 








CO-ORDINATE 


CONTROL OF 


MACHINE TOOLS 


MAGNETIC TAPE, COMPUTERS AND DIFFRACTION 
GRATINGS IN AUTOMATIC SYSTEM 


A technique which enables components to be 
machined to a high degree of accuracy, auto- 
matically and rapidly, without the use of jigs 
or fixtures, has been developed by Ferranti 
Limited, 10 Ferry-road, Crewe Toll, Edinburgh, 
5. Known as the “ Ferranti System,” this tech- 
nique dispenses with much of the time normally 
spent in translating data from drawing to 
machine tool and is sufficiently flexible to permit 
the machining of widely differing components 
without extensive preparation, setting-up or 
tool-making. It employs magnetic tape to 
record the machining data, and diffraction 
gratings and photo-electric cells to control the 
machine tool. An account of the “ Merton- 
N.P.L.” gratings employed for this purpose 
appeared on page 263 of the issue of ENGINEERING 
for February 26. 

The system can be represented in three stages: 
the coding of drawing information on to punched 
paper tape, the production of a magnetic tape 
from this paper tape by means of a digital com- 
puter, and the use of the magnetic tape to control 
the machining operation. 


CO-ORDINATE DIMENSIONING 


The article is designed and a drawing or sketch 
made in the usual manner; dimensions, however, 
are indicated with respect to a datum by means 
of co-ordinates and all points of change are 
denoted in this way. A point of change is a 
discontinuity in the surface of the component 
such as a corner or the point at which a curve 
meets a straight line. The specification of any 
curves embodied in the article must also be 
given and these may be represented by algebraic 
equations or simple parameters, such as the 
centre and radius for a circle. This method of 
dimensioning offers the designer considerably 
greater freedom in the selection of contours than 
do conventional systems. 

A planner, who must be familiar with the type 
of machine tool to be used and its capabilities, 
receives the drawing and transfers the informa- 
tion it contains to punched paper tape by means 
of a device similar to a typewriter. The keys of 
this machine enable not only the metric drawing 
data to be coded but also machining instructions, 
supplied by the planner himself, concerning such 
factors as feed rates, and cutter speeds and 
diameters. The additional information is inserted 
wherever required and the result is a _ tape 
punched with coded data in a sequence corres- 
ponding to the order of machining operations. 


THREE-DIMENSIONAL SURFACES 


To machine a plate in a two-dimensional 
closed circuit, co-ordinates of x and y only are 
required, but by using x, y, and z co-ordinates 
it is also possible to perform cuts in three 
dimensions. 

The range of curves which may be dealt with 
by the system is limited only by the computer, 
but it is assumed that a computer capable of 
operations involving second-degree curves would 
be suitable for most engineering purposes. 
Circles, ellipses and parabolas would thus fall 
within its scope. 

In general, combinations of these curves would 
serve as approximations for more complex 
shapes, but in the aircraft industry the machining 
of aerofoil surfaces might require a computer 
able to deal with fourth-degree equations. 


To translate the condensed and discontinuous 
information recorded on the paper tape into a 
continuous guide for the cutting tool, a digital 
computer is included in the system. This 
machine, in accordance with the equations of 
the given curves, plots the motion of the cutting- 
tool centre in terms of x, y, and z co-ordinates. 

The output in each co-ordinate is in the form 
of a train of pulses, each pulse corresponding to 
a movement of 0-0001 in. Thus the total in 
each co-ordinate channel determines the distance 
moved in that direction, and the pulse rate deter- 
mines the speed of movement or feed rate. These 
pulses are recorded in three separate channels 
on a magnetic tape and simultaneously, in a 
fourth channel, control information relating to 
functions of the machine tool other than slide 
movements is recorded. The rate of working 
of a modern digital computer is such that a single 
computer could continuously supply fifty machine 
tools with recorded tapes. 


DIFFRACTION GRATINGS 


The magnetic tape is passed to the machine- 
tool controlling mechanism, which is capable 
of governing the slide movements to an accuracy 
well within one ten-thousandth of an inch. 
For this purpose diffraction gratings with 
5,000 lines per inch are used and a method of 
producing gratings of suitable quality, suggested 
by Sir Thomas Merton, has been developed at 
the National Physical Laboratory.* 

The method of utilising the gratings is illus- 
trated below. A suitable strip of grating is 
attached to the machine slide, and another 
short length of the same grating is fixed to the 
slideway, so that one grating traverses the other 
with the surfaces almost in contact. 

If a beam of parallel light is projected through 
the pair of gratings and they are suitably aligned, 
the fringe pattern produced will modulate the 


* “The Production of Diffraction Gratings’’ by 
L. A. Sayce; Endeavour, Vol. 12, No. 48, October, 
1953; and ENGINEERING, Vol. 171, page 714 (1951). 
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light transmission when there is relative move- 
ment. One complete cycle of variation oi 
intensity will occur for a movement equal to th: 
pitch of the grating, and it is a simple matter tc 
obtain from this variation two discrete electrica 
pulses per grating line. By arranging two photo- 
electric cells so that the phase of this light varia. 
tion is different in each, a two-phase electrica! 
system can be formed, the direction of phasx 
rotation of which reveals the direction of 
movement of the slide. 

The servo-mechanism which controls the table 
movement is arranged so that on receipt of a 
command pulse the table is moved in the correct 
direction until a pulse from the grating cancels 
the command pulse. Thus if a train of pulses 
is received the slide is moved at a rate such that 
a similar train, lagging by an amount not exceed- 
ing one pulse, is produced. This means that the 
error can never exceed 0-0001 in. unless the 
servo-mechanism is overloaded. 


STATIC CONTROL FOR JIG BORERS 


In addition to the application just described, 
in which the machine table is under the control 
of a magnetic tape at every instant in time, there 
is another important use of the grating system 
in machines in which the table merely requires 
to be located as distinct from being guided. 
Jig-borers, drilling machines, capstan and 
automatic lathes are machines of this type. 
In this operation it is necessary only to set up 
a number, corresponding to the dimension, on 
an electronic counter and to cancel this number 
by the count from the grating. The setting-up 
can be performed by hand or automatically by 
means of punched card or paper tape. 

To apply the system outlined in this article 
to the practical and economic control of machin- 
ing operations, Ferranti Limited undertook a 
development programme in July, 1952. They 
have since been working on the engineering 
problems and hope to have prototypes in 
operation under workshop conditions early in 
1955. 

Mr. D. T. N. Williamson, of the Ferranti 
Research Laboratories in Edinburgh, who has 
supplied the information on which this article is 
based, acknowledges the contributions on this 
subject made by the Servo-mechanisms Labora- 
tory of the Massachusetts Institute of Tech- 
nology, where the first digital-controlled machine 
was constructed in 1951. This machine pro- 
duced contours directly from paper tape. 
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Twin-cylinder four-stroke Diesel engine developing 
22 h.p. at 1,800 r.p.m. 


DIESEL ENGINES WITH 
STANDARD PARTS 


One and Two Cylinder Models 


Two new Diesel engines, based on the experience 
gained with their 6 to 8-h.p. single-cylinder 
engines, have been announced by Armstrong 
Siddeley Motors, Limited, Parkside, Coventry. 
Both engines are air cooled. The twin-cylinder 
version shown in the accompanying illustration 
develops 14 to 22 brake horse-power from 
1,000 r.p.m. to 1,800 r.p.m. on a 12-hour rating. 
The output of the single-cylinder unit for the 
same conditions is 6 to 11 brake horse-power. 
About 60 per cent. of the parts used in the two 
engines are interchangeable. 

The bore and stroke are both 4-25 in. The 
cubic capacity of each cylinder is 60-3 cub. in. 
and the compression ratio is 15 to 1. The 
four-stroke cycle has been adopted. A direct- 
injection nozzle is fitted into the detachable 
cylinder head, which also supports the valve 
gear. The fuel is gravity fed to the C.A.V. 
injection equipment, which is operated from the 
camshaft by a rocker lever. 

Starting is by means of a dog-type starting 
handle which is fitted on to the camshaft, or 
on the driving shaft when it is fitted. The 
lubrication oil is circulated by a rotary-type 
pump. A centrifugal bob-weight type governor 


is mounted on the camshaft gear and controls 
the engine speed in accordance with B.S.S. 
649-1949. The governor incorporates ‘an auto- 
matic overload stop. A Burgess oil-washed air 
cleaner is fitted as part of the standard equipment, 
which includes the fuel tank, fuel filter, oil filter, 
exhaust silencer, starting handle and set of tools. 
The crankshaft and camshaft, power take-off 
points can be seen in the illustration. The latter 
runs at half the engine speed. The other end of 
the crankcase can be fitted with either a clutch 
and 2-to-1 reduction gear, an industrial clutch, 
a centrifugal clutch, or a flywheel driving-shaft 
10 in. long and a flywheel adapter 3 in. long; 
all of these features are classed as extras. 
Apart from length, where there is a difference 
of 8 in., the size of the engines varies only slightly. 
The smaller measures about 334 in. high, 24 in. 
wide and 27 in. long, and weighs 510 Ib. dry. 
The twin-cylinder engine weighs 700 lb. dry. 
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AIR COMPRESSOR 
DEVELOPING 100 LB. PER 
SQ. IN. 


Designed for Tropical Conditions 


The mobile air compressor illustrated below is 
being made by the Atlas Diesel Company, 
Limited, Beresford-avenue, Wembley. It is 
known as the “ One-ten” and has been de- 
signed to deliver 110 cub. ft. of free air per 
minute. The maximum working pressure is 
100 lb. per square inch. Two connections are 
provided adjacent to the tow-bar for pneumatic 
tools. The power unit can be one of three 
Ford four-cylinder industrial engines — Diesel, 
vaporising oil or petrol. 

The single-acting compressor is the Atlas 
model NT9. It has two cylinders and is of the 
two-stage type. There is a regulating valve with 
an adjustable unloading device set to operate 
between 100 and 85 lb. per square inch and an 
engine-speed reducer for light and no-load 
running. The speed of the compressor is 
1,450 r.p.m. and its power consumption at 
maximum pressure is 28-2 brake horse-power. 
At the 12-hour rating the engine will develop 
33-5 brake horse-power and the fuel consumption 
at average load is between 3 and 1 gallon per hour. 
The capacity of the air receiver is 6-5 cub. ft. 

The compressor is coupled to the engine by 
means of a Twiflex four-shoe centrifugal clutch 
of 12 in. diameter. It is arranged to engage the 
compressor at approximately 400 to 500 r.p.m. 
A large capacity radiator with a four-bladed 
18-in. diameter fan has been fitted to make the 





Mobi e air compressor with a free-air delivery of 110 cub. fi. per minute driven by a Ford industrial 


engine. The maximum working 


pressure is 100 Ib. per square inch. 
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machine suitable for operation in tropical 
conditions. 

The complete unit is built to comply with the 
Traffic Act requirements for trailers in the 
United Kingdom and also complies with those 
of many other countries. The rigid steel chassis 
has two road wheels with 7-50-in. by 16-in. 
pneumatic tyres. The axle is sprung and there 
are over-run brakes, a hand parking lever and 
a retractable front steady-ieg. 
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LAUNCHES AND TRIAL 
TRIPS 


M.S. ‘ VINTERLAND.”—Single-crew cargo vessel, 
with accommodation for a small number of passengers, 
built and engined by Eriksbergs Mek. Verkstads 
Aktiebolag, Gothenburg, for Angfartygs A/B Tirfing- 
Svenska Orient Linien, Gothenburg, Sweden. Sixth 
vessel of this type built for these owners. Main 
dimensions: 400 ft. between perpendiculars by 
57 ft. 8 in. by 25 ft. 3 in. to main deck; deadweight 
capacity, 5,850 tons on a draught of about 23 ft. 7 in. 
B. and W. seven-cylinder single-acting Diesel engine, 
developing 6,700 ih.p. Speed, 164 knots, fully 
loaded. Trial trip, April 14. 

M.S. “* VASARA.”’—Single-screw vessel for carrying 
oil and ore, built and engined by the Gétaverken 
Shipyard, Gothenburg, Sweden, for Trafikaktie- 
bolaget Grangesberg-Oxelésund, Stockholm, Sweden. 
Main dimensions: 596 ft. overall by 74 ft. 6 in. by 
44 ft. 3 in.; deadweight capacity, 21,500 tons on a 
mean summer draught of 31 ft.; oil-cargo capacity, 
800,000 cub. ft. Gétaverken nine-cylinder, two- 
stroke single-acting Diesel engine, developing 
6,750 b.h.p. at 112 r.p.m. Speed, 144 knots, fully 
loaded. Launch, April 22. 

M.S. ‘“‘WuitsBy Aspey.”’—Single-screw cargo 
vessel, built by Hall, Russell & Co., Ltd., Aberdeen, 
for Associated Humber Lines, Hull. Main 
dimensions: 256 ft. overall by 38 ft. 6 in. by 21 ft. 6 in. 
to shelter deck; deadweight capacity, about 1,100 
tons on a draught of 13 ft. 5 in. Kincaid-Polar 
marine Diesel engine, developing 2,100 b.h.p. at 
220 r.p.m., constructed by John G. Kincaid & Co., 
Ltd., Greenock. Launch, April 30. 

S.S. “* British ENGINEER.”’—Single-screw oil tanker, 
built and engined by Harland and Wolff, Ltd., Belfast, 
for the British Tanker Co., Ltd., London, E.C.2. 
Main dimensions: 630 ft. between perpendiculars by 
85 ft. 6 in. by 46 ft. 8 in.; deadweight capacity, about 
32,000 tons. Compound steam turbines with double- 
reduction gearing, developing 12,500 s.h.p. at 112 
r.p.m. in service. Steam supplied by two Babcock 
and Wilcox oil-fired water-tube boilers. Trial trip, 
April 30. 

M.S. ‘‘ LUDHAM QUEEN.”’—Single-screw trawler, 
built by Cochrane and Sons, Ltd., Selby, Yorkshire, 
for Talisman Trawlers Ltd., West Hartlepool. Main 
dimensions: 100 ft. between perpendiculars by 
22 ft. by 10 ft. 9 in.; gross tonnage 200. Six-cylinder 
direct-reversing Diesel engine, developing 350 b.h.p. 
at 250 r.p.m. Machinery constructed by Crossley 
Brothers Ltd., Openshaw, Manchester, and installed 
by the Drypool Engineering and Dry Dock Co., Ltd., 
Hull. Launch, May 3. 

** GANNET ” LIGHT VESSEL.—Built by Philip and 
Son, Ltd., Dartmouth, for the Commissioners of 
Irish Lights, Dublin. First of three. Main dimen- 
sions: 136 ft. 5 in. overall by 25 ft. by 15 ft. The 
lantern gives a beam visible for about ten miles in 
clear weather. Launch, May 3. 

M.S. ‘“ STAHOLM.”’—Single-screw cargo vessel, 
to carry six passengers, built by Swan, Hunter, and 
Wigham Richardson, Ltd.,.Wallsend-on-Tyne, for 
A/S Havtank and A/S Hav (Managers: Helmer 
Staubo & Co.), Oslo, Norway. Main dimensions: 
430 ft. between perpendiculars by 60 ft. 6 in. by 
38 ft. 9 in.; gross tonnage, about 5,500; general 
cargo capacity, about 515,800 cub. ft. (bale); dead- 
weight capacity, 9,000 tons on a draught of 25 ft. 6 in. 
Wallsend-Doxford five-cylinder two-stroke opposed- 
piston oil engine, developing 5,000 .b.h.p. at 108 
I.p.m. in service, constructed by the Wallsend Slip- 
way and Engineering Co., Ltd., Wallsend-on-Tyne. 
Service speed, 144 knots. Launch, May 3. 

M.S. ‘ ANTERIORITY.”—Single-screw oil tanker, 
built by the Goole Shipbuilding and Repairing 
Co., Ltd., Goole, for F. T. Everard and Sons, Ltd., 
London, E.C.3. Main dimensions: 260 ft. by 
41 ft. 6 in. by 17 ft. 9 in.; deadweight capacity, 
2,455 tons. Newbury Diesel engine, developing 
1,200 b.h.p. at 250 r.p.m., constru by the Newbury 
pom Co., Ltd., Newbury, Berkshire. Trial trip, 
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PENSION SCHEME FOR 
RAILWAYMEN 


In the course of an adjournment debate on 
railway pensions in the House of Commons on 
June 2, Mr. Hugh Molson, Joint Parliamentary 
Secretary to the Ministry of Transport and Civil 
Aviation, announced that final agreement had 
recently been reached between the British 
Transport Commission and the unions con- 
cerned for the introduction of a comprehensive 
pension scheme for railwaymen. 

The scheme would apply to wage grades of the 
railway service which had not been included 
under the provisions of previous pension arrange- 
ments, and much thought had been given during 
the last few months to working out the details. 
The unions had now presented a complete 
scheme and the Minister, Mr. Molson said, 
hoped to make a statement in the fairly near 
future. 

Although it was not possible to announce 
any further supplementation for those who had 
already retired, railwaymen would be provided 
in the future with a much more generous and 
comprehensive scheme than the one which was 
now in operation. 


EXISTING SUPERANNUATION 
ARRANGEMENTS 


The matter had been raised, for the third 
successive year, in an attempt to obtain higher 
payments for railwaymen in receipt of pensions 
in the lowest categories. 

It was stated, on their behalf, that there were 
many single men whose total pension was well 
below £84 a year and many married men with 
pensions much below £140 a year. Pensions 
were based on 40 years’ service and, at the end 
of that time, a man received one year’s salary as 
a gratuity and an annual pension equal to one- 
half of the wage earned during his last year of 
service. 

A grievance brought out during the debate 
was that clerks with 40 years’ service, who were 
retained in the employ of British Railways after 
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Incorporated Plant Engineers 
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fe me | in Process Steam,” by H. E. Lake. Merseyside 
and North Wales Branch. Radiant House, Bold-street, 


Mon., June 21, 7.15 p.m. 
Institute of Metals 
LONDON 


“ The Brittle Fracture of Metals: rag A New Developments,” 
by Professor E. Orowan. Wed., June 30, 5 p.m. 
Royal Meteorological Society 
LONDON 
“Computation of Tendencies and Vertical Motion with a 
Two-Parameter Model of the Atmosphere,” by F. H. Bushby 
y M. K. Hinds; “ The Computation of Forecast Charts by 
lication of the Wig yy Two-Parameter Model,” 
Orr. H. Bushby and M. K. Hinds; and “ The Evaluation of 
Tafra:Red + ee. Fiuxes Due to Atmospheric Water 
Vapour,” by W. L. Godson, 5.15 p.m. Preceded by a Special 
General Meeting at 5 p.m. Wed., June 16. 
Women’s Engineering Society 
LONDON 
Annual General Meeting. Wed., June 16, 7 p.m. 


The address and telephone number of the head- 
quarters of each institution are given below. 
Meetings in the headquarters town are held there 
unless otherwise stated. Particulars for this 
column should reach the Editor not later than 
Monday morning in the week preceding the date 
of the meeting. 

Incorporated Plant 48 Drury-lane, Solihull, Bir- 
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Institute of Metals, 4 Grosvenor-gardens, London, S.W.1. 
(SLOane 6233.) 
ain Meteorological Society, 49 Cromwell-road, South Ken- 
oa S.W.7. (KENsi n 0730.) 
. 35 Grosvenor-place, London, 
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reaching the age of 60 (being fit and able to 
continue at work), had their lump-sum gratuities 
withheld, 

The Commission paid such men the full rate 
for their grade but kept back their pensions, and 
there was no increase in gratuity or pension in 
respect of those extra years of service. In spite 
of this, the men had pension contributions of at 
least £25 a year deducted from their pay. 

Replying to some of the points raised during 
the debate, Mr. Molson referred to the complete 
insolvency of the superannuation schemes taken 
over by the Commission. He said that there 
were, in fact, several schemes and considerable 
diversity among them. At the present time, the 
Commission contributed 75 per cent. of the cost 
of railway pensions, which amounted to £7 
million a year. 

Many of the Commission’s annuitants were 
in goodemployment. Ina large number of cases, 
their earnings were very much in excess of £50 
a year. The number of pensioners in great 
need, therefore, was fewer than had been sup- 
posed and that, Mr. Molson considered, should 
give general satisfaction. 


UNOFFICIAL STRIKES CONDEMNED 


Speaking at the opening of the annual con- 
ference of the Scottish area of the National Union 
of Mineworkers at Rothesay on June 2, Mr. Abe 
Moffat, the President of the area, roundly 
condemned unofficial strike action at Scottish 
pits. 

He made it clear that the union could not 
condone the action of any group of miners who 
rendered a whole colliery idle by simply walking 
out of the pit without any consultation taking 
place. This could lead only to disunity and a 
weakening of the organised strength of the 
union, 

Moreover, in many cases, the men returned 
to work on the conditions obtaining before the 
strike commenced, so that, in the end, their 
sacrifices were without effect, even to themselves. 

Emphasising the need for the establishment of 
a national wage structure for the coal-mining 
industry, Mr. Moffat said he would like to remind 
those who were “continually attacking the 
miners ” that it was impossible to obtain content- 
ment in the industry as long as piece-rates 
varied so much between one district and 
another, between one colliery and another, and 
even between different seams in the same pit. 

If only these anomalies were removed, a great 
deal of the discontent at present existing in the 
industry would be obviated. 


AMENITIES FOR SCOTTISH MINERS 


Earlier, Mr. Moffat announced that provision 
was to be made for the erection of a holiday 
home for miners at Aberdour, at an approximate 
cost of about £500,000. At the present time, 
legal formalities in connection with the site 
were being discussed and, if these were satisfac- 
torily completed, he hoped that all sections of 
the industry, including the miners themselves, 
would make strenuous efforts to raise the money 
required to establish the home. Accommodation 
would be provided there for convalescent miners 
and even for paraplegic cases. 

Mr. William Pearson, the area secretary, 
complained that the National Coal Board, in its 
report for 1953, had made but little reference to 
the incidence of pneumoconiosis and had 
comforted itself with a paragraph to the effect 
that the increase in the disease during that year 
was attributable to the fact that miners were 
becoming more aware of its consequences. 

In his opinion, Mr. Pearson said, the Board 
made that statement in order not to have to 
accept responsibility for the fact that the 
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complaint was widespread throughout the who's 
Scottish coalfield. 


SMALL MINES’ DISPUTE 

Consideration was given during a privaie 
session to a dispute at Dumback No. 1 Mine, i. 
Lanarkshire, which centres round the collectic; 
of trade-union dues. 

In a subsequent announcement, it was stated 
that, should there be no settlement of the 
difficulty in the near future, the Scottish area’s 
executive council would ask the headquarters 
of the union in London for permission to 
consider serving notices for the termination of 
employment on all licensed mines in Scotland. 

There were 27 men employed at the Dumback 
Mine, Mr. Moffat said, and they had then been 
on strike for about five weeks. Altogether, some 
60 small licensed mines remained in Scotland 
and gave employment to between six and 
eight thousand workers. 

At a later session, the delegates passed a 
resolution demanding old-age pensions of £3 
a week for single persons, and of £5 a week for 
married couples. 

A strong protest was registered against what 
was described as the “ light-hearted and uncon- 
cerned manner ”’ in which the Government had 
tackled the problem of introducing new industries 
into development areas in the Scottish coalfield. 


DILUTEES IN ENGINEERING 


In a written reply to a parliamentary question 
on June 2, Mr. George Ward, Under-Secretary 
of State for Air, said that, with the co-operation 
of the Amalgamated Engineering Union, it 
had been possible to introduce certain improve- 
ments for dilutee engineering workpeople in the 
employ of his Ministry. 

Details of the new arrangements would be 
made known to those concerned in the usual 
way, but, to summarise very briefly, the improve- 
ments would come under two headings. 

In the first place, it had been agreed that 
dilutees with over five years’ service would be 
able to qualify for the rates of merit pay which 
can be earned by skilled workers. Secondly, 
provision had been made for the introduction 
of a scheme whereby some 300 direct-entrant 
dilutees with long service would be offered 
establishment status. 

Tribute was paid in the reply to the excellent 
service rendered to the Air Ministry by these 
dilutee operatives. 


REDUNDANCY IN BELFAST 


Aircraft employees at the Belfast factory of 
Short Brothers and Harland Limited, who were 
declared early last month to be surplus to the 
firm’s labour requirements owing to the sus- 
pension of work on Comet airliners, are to be 
reduced in number from eight hundred to six 
hundred, 

Agreement to this effect was reached at a 
meeting between company officials and trade- 
union representatives on June 2, when it was 
also decided to extend the shorter working week 
for a further period of 14 days. 

The reduced working week and strict limita- 
tion of overtime to absolute essentials were 
agreed to by the management and staff when 
work declined, in an endeavour to keep the firm’s 
man-power force of about 1,800 intact. 

It was announced in the Northern Ireland 
House of Commons a few days ago that dis- 
cussions had taken place between Lord Glentoran, 
the Minister of Commerce, and British cabinet 
ministers regarding the provision of additional 
work for Short Brothers. He received an 
assurance that, if suitable defence work could be 
brought forward, further orders would be given 
to the firm. 


? 
i 


so te ise 








